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AMHAMUK  oGbeKkTnapHu — HOAHMKINK  WAPOMTHAA  aBTOMATIAIITHPHIIraH
MOHHTOPMHIM pa  GOWKAPWIIHA  MHTE/IEKTYaJNIAWTHPHILIHUAT  1acTypHii-
HHCTPYMEHTaNl BOCHTACHMHH HLINa0 YHKHLL.

Vabekucton PecnyGmukach Tlpesunedtudunr 2013 iiun 27 mioHgarn
IMK-1989-con «V3texucron Pecnybnukacu Munnuii axdopoT-KOMMYHHKALHA
THU3UMHHH ssHana PHBOKIIAHTHPHILI qopa—‘raﬂ.ﬁupnapn XaKkuaanru CDapMOHH Xamnaa
MasKyp daonuaTra Ternmay 6apya MeLEPHH-XYKYKHH XyxokaTnapia Genrunanrat
BasH(anapHu amanra owupHiura yWwOy HMCCEpTalUMs TajaKMKOTH  MyaiisH
Japakajna Xu3mMaT KunaigH.

Tagknkornnur pecnyénnka gaH Ba TeXHONOTHSIAPH PHBOXKIAHHIIH-
HHHT yCTyBOp iiynasumiapura OOFJTHKIHTH. Mazkyp TankuMkoT pecnybnmka
tan Ba TEXHONOTHANAp pHBOKIIAHHIIHHHHT IV. «Axbopornawtpui Ba axGopoT-
KOMMYHHKaLMsl TeXHONMOTHMsJIADHHHU  PHBOMKIIAHTHPHILY  YCTYBOp  HYHaIMIIK
noupackaa OaxkapHiras. R

)Iuccep:rauuﬂ Map3ycH Gyiinua XopHKHil HAMHI-TaAKHKOTIAD mapxna.
Typan xun ¢ynkunonan pasudara 3ra 6¥nraH TEXHONOTHK rkapaéHnap Ba HiIab
YHKAPHIIHK HHTENNeKTyal GOLIKapHI TH3UMIIADHHH SpaTHLI Ba HILNA0 YMKHIIra
AYHANTUPHNITaH MAMMI M3NAaHUILIAP KAaXOHHHHT €TakuM MIMHII MapKasnapu Ba
ONMUA  TabIUM MyaccacanapH, #yMialaH, Togai Infra Logic, Omron, Micro
Devices, Johnson Space Centre, Department of electron and Intellegent System,
Honeywell (AKLLI), LIFE xankapo naGopartopuscu, Hitachi, Mitsubishu Electric,
Ibaraki University, Kawasaki Medical Schcool (SImonus), Siemens (I'epmanus),
Wecan Agrotexservis (MKany6uii Kopes) Xamza onuii TabiuM MyaccacallapH:
ZIFIT, BISC(AKL), 3uren VuupepcuteTu (I'epmanus), OHTyK YHHBEPCHTETH
(kaHyOuit Kopes), Kopes MynpTHMenua xamMuATH, MHxa yHHBepcHTeTHIA
(Y30eKHCTOH) KeHr KaMpOB/IH MIMHIT TAAKMKOT HUIIapH onnb GOpHIMOKIA.

Hoannknuk mapoutuma muHaMHK o6beKTiapHu GolkapHIl skapa&HnapHHH
HHTEJUIEKTYyaNnallTHpHII MoJAe/lapH Ba aNrOpUTMIapHHH TaKOMHIUTAIITHPHIITA
OHJ KaXonga onuG GopunaraH TaOKHKOTIAp HaTHXKacuia KaTop, »ymiagaH,
KYHHIArd MAMHIA HaTHkanap OJIHHIAH: YYHIU annapaTHHUHT HMHTENeKTyan
GowKapuw Tu3nMH uiunat yukunrad (Johnson Space Centre, AKILI); cab3aBoT
MaxCyNOTIapMHH cakiiall ;kapaéHMIa XapopaT peKHMHHHN KaTbHiiMac GoLIKapHLl
TH3UMH  Hmnad  gukwran  (Wecan  Agrotexservis  JKanyGuit  Kopes);
aBTOMOOMI/IIapIa MHKPOMKJIHMHHM HHTE/IEKTYaNn GOIIKapHIl TH3UMApH HILat
yukuiarad (Hitachi, Snonmns); nudmnapau OuTTanum Ba rypyxiMm KaThHiiMac
Gowkapur TH3UMnapu Muwnab uumxparad  (Mitsubishu  Electric, SImonus);
HHTEILIEKTYan Jatyuknap uwnab yukuarad (Siemens, FepMaHHﬂ); THOOMIT
3KcnepT Tu3MMH wnmnab uukwnran (Kawasaki Medical Schcool, fnonus);
Hanboky #ymanumm 6yiinya MeTpOTIONMTEH MOE3IAPHHMHT  XapaKaTHHH
uHTeJUIeKTyan Gowkapuu taumu nwnab yukuirad (LIFE xankapo nabopatopus-
cH, SANoHua); HHTeIeKTyan GolKapiIyBuH poboTiap umna6 yukunrad (Ibaraki
University, SInonus); uuTemiekTyan G01KapHiIra acociaHraH MHKPOKOHTpOLIEp-
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nap nnad unkmarad (Department of electron and Intellegent System, AKIL).

JlyHéna 3aMoHaBHil ax00pOT TEXHOJIOTHANAPH IOTYKIapPHHH §3 H4HTra oJiraH
OHHAMHK OGBCKTHHPHHH[‘ HHTENNEKTYal 60].!.IKElpl-1LLI TH3HUMJIADHHH APaTHLWHHHI
MHCTpYMEHTAN BOCHTANApHHH HIINMab unKuw 6¥iinya Katop, KyMmiaaaH, Kyiniaru
ycTyBOp iiyHaNHIINapaa TAAKHKOTIAp 0Mub GOpHIMOKAA: HOAHUKIMKHA XHcobra
ofAraH Xonma AIMHAMHMK OObeKTNapHH MaTeMaTHK MOJENHHH IIaK/IJaHTHPUIL;
TEXHOJIOTHK  :Kapa€HJIapHH HomKapH KapaBHMHH  Heilpo-KaTbHiiMac
MOIENNapHHH ApaTHIU; [HHaMHK o0BekTnapHu OOWIKapHIl sKapa€HapHHH
WHTENNEKTYanIaIHUHT aNrOPMTMIAPHHH M1INA0 YMKMLL; AHHAMHK OOBEKT/IApHU
ABTOMATIIALUTHPHUIITAaH MOHHTOPHHTH Ba 60LIH{EIPHLLIHH HHCTpYMEHTal
BOCHTATACMHH ApaTHLI; HOAHMKIMK WApOMTHAA [MHAMHK OOBEeKTIapHH
Gowkapum xapaéHUHN HHTEJJIEKTYyalall MacanalapHHH eYdil y4yH NacTypiiap
MaXMYyacHHM MIIIad YHKHIIL.

i MyaMMOHHHT ¥PraHHATaHAHK aapamach.  JMHaMHK  OOBEKTIapHH
GOIKAPHII KapaéHNapHHH MHTEIEKTYaNIAWTHPHIL Ba ynapia conup Oynaauran
TYPJM XHJ HOAHWKIMKJIAPHH XHCOOra oJnL HMKOHHHH GepyBYH IOKOPH caMapanu
GOlIKapHII TH3MMIapHH APaTHIIHHHT Ha3apHil Ba aMalMii MacaianapHHH eqHIIIa
KaTbHiMac TYynnammap TaBcH(M acocHIa WHTENNeKTya/laliraH TH3HMIIapHH
CHHTE3Nall anrOpHTMJIAPHHH APATHII, Heiipo-HOKaTBHH MOZIennap acocHia
He()Th-KMMEBHIT MaXKMyalapHHHT TEXHOJIOrMK NapaMeTplapuHy Gawopatiaul Ba
GolIKApHII anropUTMIapHHH HUUIA6G 4YMKHLI, HeHpPOH TYprap Ba KaTbHiiMac
MAHTHKKA  acocNaHraH  TyYpAH  coXajlap  TeXHOJNOTHK  OOBeKTIapHHM
MOIEJUIAIUTHPHII >KapaéHIapHHH anmnapar-JacTypuid TabMHHOTHHM  spaTHIL,
CTPYKTYpacH, mapameTp/lapH Ba Ba3HATNApH HOAHHWK LIApPOHTIApAard TEXHOJIOTHK
00BbeKTNapHH Ba KapaéHIapHH MHTENNeKTyaln QOLIKApHII TH3HMIIAPHHH SAPATHIL
Macananapn 6up xatop onummap: Abraham A., Aliev R.A., A.Allgdwer, Griffin
M.F., Hunt K.J., Irwin G., Kraszewski P., Li Ning, Li Shao Yuan, Piegat A.,
Stolcman S., Sugeno M., Tanaka K., Wang H.O., Warwick K., Xi Yu Geng, Zadeh
L.A., Zheng A., Antynud A.E., Bo6ko, B.Jl., bopucos A.H., Bacunees C.H,,
Bepnane A.®., Bocrpos H.H., Ilynkos K.A., Tapacos B.B., Vnpauos C.,
A6aynnaes JI. A., A6ytannes @.5., Anunos ®.T., Apunos M.M., Bekmyparos
T.®., T'ynamos IILM, JXymanoe H.H., Hrambepames X.3., Kaanpos AA.,
Kommumos M.M., Mapaxumos A.P., Myxamenuesa I.T., Paxmarymnaes M.A.,
Vemanos P.H., IOcyn6exos H.P. Ba GomkanapHusr nmmapuaa Kypuo YHKHITaH.

MypakkaG HOYMZHMKIH OHHaMHK 00BekTIapHM GoLIKapHII MacanalapHHu
eynin GunaH GOFNIMK TaaKMKOTIAp GMp Katop onMMiap TOMOHHIAH OnHO
" Gopunran, »kymnagad, F.L.Smidth, P.A.Ammes, V.Max Kamnax, V. Iurrc,
T.Koxonen, Jx.Xondung Ba OolIkanap TaxJMaM IOYHU KypcaTaoHKH, XO03HPTH
KyHIJa HOAHHKJIMK IIapouTHAA Helpo-HOKaTBHI  KOHTpoJulepnap  TYpJIH
MHTENNEeKTyan TH3HMIAp ApaTHAraH Ba caHOaTAa KY/IJIAaHHIMOKIAZ Ba MablyM
napaxafa mxoOuii HaTHKanapra 3pHIIHIraH.

DKkcnepT TH3MMIAPHM KYJUIAll  OpKAnAHM  MHTennekTyal —Golkapii
TH3MMIAPUHM  ApaTHII  Macananapura Oarumuiasran  wuwiap  M.CyreHo,
T.SImaxosa, T.Takaru, C.5IcyHofy, JI.3ane, H.I'. Apymkuna, T1.)KekcoH, R. Davis,
T.Caaru, E.Mampaun, J.A.Tlocnenos, T.D.Bexmypatos, H.P.JOcynGekoB Ba
GoluKa TaIKUKOTNapaa JOHHAMHK obBekTnap napameTpiaapH Ba



XapaKTepUCTHKanapura Teruian HOaHMKINK XaMZa TeXHOJIOTWK sKapaéHnapHi
MOIE/NIAITHPHIL  Ba  OOWKapWilga — MabJyMOTIAPHHHT  HOAHMKIMIH  Ba
KaTbMAMacnuruHn - Gesocuta  Xucobra  OJIMII  3apYpIMTH  MyamMMozapH
kypuiras. Ly Gunan 6upra, unmuii Hawpnapaa HOAHHKINK waponTiaa daonuat
KypcaTyB4H NHHAMHK O00BLEKTAApPHUHT afanTHB Helipo-HOKATLHMA MojennapH Ba
aNropHTMJIApUHK  ApaTHIL acocHia WHTENNeKTyan OOoIUKapHLIHMHT camapaii
ycynnapd HMWiad  4MKMIU, MabayMm  EHOAYBIApHH  TH3WMIAITHPHII  Ba
OoWIKapHII JKapagHNapuHH HWHTenNeKTyan OOIUKAPHII TH3UMHHH SPATHIIHHHT
HHCTPYMEHTAl BOCHTACHHM ApaTMIl Ba KENrycHaa TaKOMHJUIAWITHPHLIrA
OarulLIaHTaH HIMMHA H3NaHMWINAp XO3UPrH KyH/a eTapaH Japaxana KypuiaMaraH.

JuccepTauua MaB3yCHHHHT AHccepTauus Gazkapuiran ojauii Tabaum
MYACCACHHHIHT HWIMHII-TAZKHKOT nuiapn onnad Oornukanrn. Juccepraums
TagkMKOTH TOLIKeHT paBmat TeXHHKAa YHHBEPCHTETHHMHT HJIMHH-TagKHKOT
nwaapk pexkaciiunr 0.80.02 — «Y3anykcH3 Ba JUCKPET TEXHONOrHK 00BEKTIapHH
Kyn caTXid HepapXuk OowKapull TH3MMJIAPHHH Taxjui Ba CHHTE3 KWL
Macananapuia GolIKapHIL eYHMHHN [acTypHH-anrOPHTMHK Kynnab-KyBBaTIoBYH
HHTEJUIEKTYall TH3UMIApHHU HINad yMKHL Ba TATOMK 3Ty (2001-2003); 1120.22
- «TeXHOMOrHK 00BEKTNapHH HMepapXHK MYJIBTHMHKPOMPOLECCOPSH GoLKapHi
TH3MMJIApDMHH  aBTOMAT/NAlUTHpUAraH TagKHK KWIHLIHHHT  YCYNNapH  Ba
aNropUTMIapHHM Mwnad yukuwy (2004-2006); A-14.002 — «Mypakka® qHHaAMHK
obsekTnapHd  Oollkapuwl — JkapaHAapMHH  HHTEJUIEKTya/llall  acocHia
MOIENNaliTHPYBUH, OallopaTnoBud Ba ajanTHB OOIIKApHIN TH3HMIAPHHH
ApaTHIUHHHI  MHCTpYMeHTaJl BocHTacMHM wMmmab unkumy  (2006-2008);
WUTO-5-36 - «HedTe-kuMERBMIT KypunIMa Ba MakMyallapHHH  TeXHOJIOTHK
XaB()CHZNMIH MOHHTOPHHTHHHUHI axXOOpOT-aHAMTHK HHTENNEKTyal TH3UMHHH
spatuwy (2012-2014) Ba A-5-42 — «AnpHop HOAHHKIHK IIAPOUTHAA TEXHOJIOTHK
oOBEKTNAapHUHT  ABTOMATJAALITHPUITaH  MOHHMTOPHMHIHM  Ba  GOIUKApPHIUHMHI
HHTE/UIEKTYINAINTHPHIIHK  JacTypHH-HHCTpyYMeHTan BocuTacH» (2015-2017)
MaB3yIapHIard HIMHIT Toiuxanapyn qoupacHaa 6axapHiraH.

TagKHKOTHHHI MaKcaaH HOAHWKJIHK WAPOMTHAA JAMHAMHK OOBEKTIapHH
OOIIKapHIl  SKapaBHNMapHHM  MHTE/UIEKTyaJUlalUTHPUIL  MOJENNapH  Ba
IrOPHTMITaPHHU MIIA0 YHKUILAAH HOOpaT.

TaakHKOTHHHT Bazudganapn:

HIUTad YHMKApHII XONATAapHMHMHT HO3aHHKJIHMK IIapOMTHOArH IHHAMHK
oOBbekTnapHu OOIIKApHII TH3HMIApWHH TaAKHK KHIHMIUHHHT Ha3apHacH Ba
aMaMTUETHHHHT 3aMOHABHH X0JJaTHHH TH3UMIIH TaXJIHJI KHJTHLLL,

HOAHMK/IMK IIAPOMTHAAZ MypakkaG AMHaMHK oGBexTapHH GowKapHiu
KapaéHMHH MHTENNEKTYallallHUHI TaMOMWIIApUHH Ba YCTyOMATHHM Miunat
YHKHIIL;
HOAHMKJIMK LIapOMTHAA AMHAMHUK 0O0BeKTNapHH OolukapuIl >KapagHHHH
HHTe/JIeKTya/ylalirad ~ MOZENNallITHPHLI — MacalacHHH  CTpYKTypanaml — Ba
aNropHTMIIALL; ’

Mypakka® IHHaMHK 00BeKTIapHHHT aflalTHB Heifpo-KaTbHiiMac GolKapHi
TH3UMHHH TaXJIMJ KAJIHII Ba CHHTe3/alll aNropHTMIapHHU HIIa0 YHKHMIL,

OUHAMHK ~ OOBEKTNAapHHHT  TAafKHK  KHIHII ~ aJrOPHTMJIapHHH  Ba
MoJeANalITHPHLIHH aNrOPUTMHK aCOCHHH HIUab YHKHLL;



Hwad YMKKWNrad AMHaMHK 00beKTnapHu OOMIKAPHII TH3UMIAPHHH TadKHK
KHJIHIIHHHT MOJENJIapH Ba alifOpHUTMJIApH acocHuia TEeXHOJIOIHK }xapaéﬂnapnu
aBTOMAT/IALITHPUIIraH DOLIKapHLI MacananapuHy eYuiiaa Kynnawl.

TagKHKOTHHHT 00beKTH cidaTHaa Hmnad YHKapHII BazMATIAPH aHHKMac
Ba (aonMATH HOAHWKIWK IIAPOMTHOArH AOMHAMHK OOBEKTNapHMHT OOLIKApHIL
TH3UMH KapaJraH.

TanKNKOTHHHI NpeAMeTH - Heilpo-KaThHiiMac MOJe/lap acocHa HOaHHK
IapoHTIapga  OHHAMHK 00BeKTIapHHHT  GoKapHIl JKapaéHIapHHH
HHTEJUIeKTyannal ycynnapH Ba TaMOMMIIapH.

TagkuKOTHHHr ycymaapu. TaakukKoT Kapa€HHIA TH3UMAM  TaXJIMI,
KaTbuilMac Tynnamnap Ha3apHACH, MaTeMaTHK MOMENALITHPHIL, AaBTOMATHK
GolKapHIl HazapHsACH, HHTEUIEKTyan GOMIKApHIN Ha3apHsACH, CYHBHIl HHTENIEKT
Ha3apHACH Ba ONTHMANAITHPHIN YCyJUIapH KYJUIaHHIJITaH.

TanKHKOTHHHI WIMHI SHCHJIHCH KyAHaaruiapaad ndopar:

eUNIAINIraH MacananapHHUHT acocHii cMH(IApH aHMKIaHraH Ba HOAHHKJTHK
wapoutnaa (aonuAT KkypcaraérraH OMHAMHK 0OBEKTNApHMHr OOLIKapHII
*Kapa€HIapuHH HHTE/NIeKTyaUTallHUHT TaMOHINapy HInad YHKHIraH;

3aMOHaBMH OOWIKApHII HazapHACH Ba HMHTEMIEKTyal TEXHOJIOTHA
YCYJUITADMHHHT WHTErpalMsACcH acocHOa HINad YHKAPHIN Ba3HATIApPH HOAHMKJIMK
wapouTuga (aonuaT KypcaTyBuM AMHAMHK 00BbeKTIapHH OolIKapHil KapaEHHHH
HHTEJIEKTyannamrad TH3UMHHH SIDaTHLIHHHT SHCH4Ya cH(aT KYpHHHIIHOArd
EHOAIYBH HIWIA0 YHKHITraH;

JHHAMHK OOBETIADHHHI OOIIKapHIl TH3MMJIADHHH MOCTAllyByYaH Xoccara
ara 6ynran Ba OOWIKAPWIYBYH jKapa&HNApHHHT [HHAMHK XYCYCHATIADHHH
XHcobra  onmyBYH  MaBXyd ~ Typnd  MoAemnapaaH  (apk  KHIYBYH
HHTe/IEKTyannamrad rudpua Momennap MaxmMyacH HIIa0 YHKUIraH;

IMHaMHK O0OBEKTJIApHHHT MOIENNAmTHPHII aNrOPHTMIIAPHHH  TaJKHK
KHJHIIHHHT O0IKapHII KapOpPHHH KaOyn KHMJIAII Ba 3HT AXIIH MOIEJIHHH TaHJIall
MacanajapHHHHT  €4YHMHHH  TabMHHIOBYH  MOIEJUIALITHPHIN  camapanu
aJITOPHUTMJIAPH APATHIITaH;

CTPYKTYpacH, MapaMeTpjlapH Ba Ba3dHsi/lapH HOAHMKIHK IIapOMTHOArH
y3una anvaHaBHii aBTOMATHK GOIIKApULI HA3apHACH YCYINapH Ba WHTENJIEKTYyall
Oomwkapum  TaMOHMIMHH  >KamJlaraH OuHaMHK O0OBeKTnapHH  OouKapHin
MacanacHHi HHTE/IEKTyalIalliral eqyBYUCH ApaTHITaH;

IWHaMHK O0OBEKTIapHH aIganTHB Hejipo-KaThHMiiMac Ba Oamoparnam
MOJEe/IapH acocHia 0OBEKTHHHT YIyaHMalauraH KOOpAMHATANApPHHH aHHKJIALL,
GolKapuIl TH3MMWHHHT MApaMETplapWHH KOpPpeKUHAnall Ba CHHTE3Nall
AJIrOpHTMJIapH uiiad YHKHJIIraH;

HOAHHK/IHMK IApOMTHIA caHoaT O0BEeKTIapHHHM GOoLIKapHII MacalallapHHH
caMapalii eqyHuuaa HHEHTHQ’)HKBHHHH&IH Ba reHETHK alnropuTMiap KOMGHHauHHCH
WaKkNHAard HHTEPAKTHB  ajanlTalHsfaml  ycyJHWra acociaHraH HOHHaMHK
00BeKTNapHHHr  GOIUKApMII  TH3MMHHM  MOC/allyBYaH Heifpo-KaTbHiiMac
CHHTE3Nall aJIrOPHTMIIApH ApaTHIITaH.

TagKHKOTHHHT aMaNii HATIKACH KylHIarunapaan ubopar:

KyAnnraH Makcaira acocaH KHHHH IIaKIIaHTHPHIYBYH kapaéHIIapHH
rubpua  MOAENIapMHM  LUAKIJAHTHPHII  jkapaéHHHM  aBTOMATJIALITHPHIIra
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My/KannaHrad, Ouaummnap  GasacuHM  TYAOMPHW.  GOIIKAPHMIL  TM3NMHHH
CHHTE3/1alIra XM3MaT KHIYBUH IOHHAMHMK 00BEKTIApHW GOLIKApHIL >KapagHHHN
HHTEJINEKTYaNNAWTHPHIIHHAT NAaCTypHil MakMya KYpHHHLINAArH MHCTPYMEHTAN
BOCHTanap spaTHIraH;

2NIEKTPO3IHEPreTHK  O0BEKTNAp  Ba  HedTb-KMME  MaXMyamapHUHHHT
TEXHONOIHK arperatjapiHHd ONTHMal Wuinaul PEKHUMNAPHHH TaHNall XHcobura
3Heprua capMHM KaMalTHpHLI Ba YHHHT HaTKacuaa Huad YHKapHLL
caMapanopiiiTHHH OLUMPHII XaMOa TYpJH aBapus BazHATIapUHH OJIMHH ONNLI
HMKOHHMHH OepyBuH 00LEeKTIapHUHT TEXHOJIOTHK napaMeTpiapMHu
aBTOMaTNalITHUPHIITAH MOHHTOPHHIH Ba OOWIKAPHIL TH3MMM MILNA0 YUKHIraH;

ABTOMATHK GOI.LI}QBPHLU TH3HMMJIAPDUMHH CUHTE3NallHUHI CTaHIapT éHJlE!I.lIyBI'l
€Tapiu camapara 3ra OynMaraH Xon yuyH, ABHH napameTpaM Ba axGopoT
HOQHHKJIMTHIA 3Ta Mypakka® HOYM3MKIM 00BeKT/IapHu GolIKapHILZa camapani
Oynran macnaurysuaH Hefipo-KaTbHiiMac GoLIKApHLI TH3NMH HILIAG YHKHIraH.

TaaKuKOT HATHKANAPHHHHT HIIOHYAHANTH. TalKHKOT HATHKANTAPHHIHT
UIIOHWIHWIHIH ~ KaThMHMac TymjaM Ba MaHTHKKA AacoclaHraH OUHAMHK
00BeKTNapHH MHTeekTyan GolKapHIl Hazapuii acocnapuHMHT BaxcapunuLIH,
MHTe/leKTyan OOWIKapHIl MacaiaJapHH €YMLl yCyiapH acocHMIa IMHAMHK
obBekTIapHK ananTHe GOLIKAPHIIHHMHT Ha3apHii acoCnanran KOHUEMUHANAPHHUHT
KYNTaHHNWLIK, HHTENNIeKTyan OOKAPHIUHHHT anpobauus KHIHHraH ycynnapH Ba
anropUTMIapHHH HILIATHIHIIH, UHTENIEKTyan GOWKAPHLIHHHT Taknud 3THITaH
YCyAnapH Ba alrOpUTMIIApHHK Tanal KMIHMHraH SKHHJIALWMLI JapaskacH, Hazapmii
aManui TaAKHKOTIApHHHI OJIHHIAH HATHXKaNapu Ba YJNApHHHT ¥3ap0 MOCIHIH
OUNIaH U30XJ1aHAOH.

TankHKOT HATHKAJIAPHHIHT HJIMHIT Ba amMaauii aXaMHATH.

TankuKoTAA ONMMHraH HATHAANAPHHHT MIMMIT aXaMHATH Y3TyKCH3-AHCKPET
XapakTepaart TEXHOJIOTHK 00BeKTIapHH GomKapHLI Kapa€HHUHH
HHTE//IEKTyaniam MacalacHHH CaMapalii eyuIl HMKOHMHHM GepyBYH HOAHHKJIHK
WapOHTH Ba MILIA0 YMKApHII Ba3sHATHHMHT aHHK 3Mac/MK IIapouTHaa BaoiausaT
KypcaTyB4H IHHAMHK 0OBEKTNapHHHT GomKapHI TH3UMIIADHHH
aBTOMAT/AIITHPHITAH  TaAKWK  KWIMIIHHHT  yCynnapW, MoOIelniapH  Ba
QIrOPUTMIIAPHHN APATHIL YCHYOMATHHM MInab yukuwmad wGopataup. Mumna
TAKIUQ 3THIraH rudpui XapakTepiu HeHpo-KaTbHiiMac Mofennap MabiyMoTiap
Gazacunn wmdonanam, MOINENAITHPUILN, CHHTE3NAll Ba MIAKIIAHTHPHLIHHHT
AroHa MaTeMaTHK acoCHHH Oepan.

OnuHrad HaTHXKalapHUHT  aManuii - aXaMHsTH GomKapuil  TH3UMHHH
noiiMxanaiu Macananapuia TYpIH Hiuiab YMKapHIl Ba3HATIApHHH DalIopaT/iam Ba
TaXJIMJI KUJHLI XaMJa ONTHMal G0LIKapHII e4MMHHH Taliam HMKOHHHH GepyBun
HacTypuii  MakMya KYPUHMIIHOA TacBHp/NaHraH [MHAMHK OOBEKTIApHH
aBTOMAT/IAIITHPHITaH ~ MOHMTOPMHTH  Ba  GOIIKAPHIIHHHT  MHCTPYMEHTan
BOCHTAacCHHM  ApaTHIIZaH  uOOpaT.  HoaHHKIMK  IApoMTHAAZ  AMHAMMK
o6beKTapHHHT OOIIKAPHILI JKAapa€HHHH MHTEJUIEKTYaTaITHPHIIHUHT APATHIIraH
MoOJenjiapH Ba alTFOPHUTMIAPH Y3NYKCH3 XaMfa OMCKPET XapakKTepiii Hiuiab
HYHKAPHIUHUHT  TEXHONOTHK  JKapa€HNapUHH  HHTE/UIeKTyaJl  OOLIKapHII
CHCTEMACHHH sIPaTHILIMA KEHI KYNamaa KyIIaHHIMImy MyMKHH.



TagKHKOT HATICKATAPHHHHT sKOpHiIT KHAHHHIUM. AJIanTHB Hedipo-
KaTbHiiMac GowKapHil cHcTeManapH Ba rHOpHI MOAenIapH acoCHAa spaTHIraH
HHCTpYMeHTall  JacTypMid  BOcHTanap  acocHjia «¥36exanepro»  JlaBnart
Axumsapopnuk KoMnaHuscH TH3MMMIa KHpyBUHM KOpXOHallapaa, kymmianas, JSCIV
«Deutsche Kabel AG Tashkent», «Delta Net» MUK, «SHru texHonorusnap»
WIMMI-TagKMKOT MapKa3Huja >XOpHil KHMJIMHTaH (V36exncton PecnyGnukach
«V3bexonepron JAK munr 2016 #un 12 maitmaru  JIU-01-21/1953-con
MaslyMOTHOMacH). MIMHI-TaAKMKOT HaTHXKanapH IHHAMHK OOBEKTIapHH
aBToMaTialmirad MOHHTOPHHIH Ba WHTENNeKTyannamraH OOIIKapHul »kapagHuaa
axbopoTnap OKMMHHM KaiiTa MlUNaw Ba TaxJIMI KHJIHIL Kapa€HHHH 1,26 maprara
KUCKAPTHPHLL, TEXHOJOMMK OOBEKTNapHHHI  JHEPrHA TabLMHHOTHIA JHEprius
cappunn  1,15% ra kamaiiTupum Ba wWoUIAd YHMKApPHII caMapamopiIMIHHH
OLIMPHIUHH TABMHHJIAIUTA XH3MaT KHJIaaH.

TaagKuKoT HATHKANAPHHHNT anpo6anHscH. TankukoT HaTHkanapn 47 Ta
HIIMHIA-TEXHHUK, WYy KyMaagaH 32 Xankapo aHKyMaHnapaa MyXokama KHIIHHIaH:
«21 acp rnobdan  myammonmapu Ba Texuuk ¢annmap» (Towkent, 2001);
«HMuunoBaumsa-2003» (TowkenTt, 2003); «TYKAUMauHJINK CaHOAaTHHHHI 3aMOHAaBHI
Kypuimanapn Ba  TexHomorusnmapu»  (Mockea, 2003); «Texnuka Ba
TeXHONOTHANarH Matematuk ycyinapy (C.Ilerepdypr, 2003); «Tabnumna,
TeXHHKaga Ba MiAMJa HHPOKOMMYHHKaUUsanap Ba XHcoOnall TeXHONOrHAnapu»
(TowkenT, 2004); «TYKUMa4yHIHK Ba eHrHn caHoaTra aXbopoT KOMMYHHKaLUMOH
TexXHosorusinapuy xopuit kunumy (Tomwkent, 2005, 2007); World Conference of
Intelligent Systems for Industrial Automation (Tashkent, 2002-2014),
«MaluMHaco3IMKAa TeXHHKAa Ba TEXHOJOTHANAp 3aMOHaBHH MaTepHainapH»
(Anmwxon, 2012, 2014); «Tor-koH MeTaJUTYprHa coXachja Ba YHMHI
pHBOIIAHULL Hynunaru 3aMoHaBHil TexHuka Ba TexHonorusnap» (Hasouit, 2013);
«CyHBHIT WHTEJUIEKTAa HHTerpalallrad Mofe/utap Ba “roMmok” Xpcodnammapy
(Konomna, 2013); «Seventh International Conference on Soft Computing,
Computing with Words and Perceptions in System Analysis, Decision and Control
- ICSCCW-2013», (Izmir, Turkey, 2013); «Proceedings Eleventh International
Conference on Application of Fuzzy Systems ai.d Soft Computing -ICAFS-2014»
(Paris, France, 2014); «The 11™ International Conference on Multimedia
Information Technology and Application -MITA-2015» (TomkenT, 2015); «XXI
acp MIMHIf TapakKMETH. SIHTH 103 HHIIMKHHHT TapakKHETH Ba MyBaddakueTHy
(HoBocubupck, 2015); Ba 12 Ta pecnybGnuka aH:XyMaHnmapuaa anpoOauusgaH
YTKa3unrax.

TagKHKOT HATH/KAJIAPHHHHT YBJIOH KHJIHHHLIUM, Iucceprauus MaB3ycH
Oyiinya xamu 88 Ta MIMMH MII Yon 3TWATaH, lOynapnaH, 1 Ta MoHorpadmus,
Vabekucron Pecrnybnukacn Onwmii aTTecTaums KOMHCCHACHHHHT JIOKTOPJTHK
ILHCCEpTalMANapd acoCHH MIMHMH HATWKANapUHH YOI 3THLI TaBCHS STHIrAH
unMuit Hawpnapna 40 Ta  MakoJsia, XKyMmiagaH, 6 TacH XopHkuil Ba KONraHNapH
pecryOnHKa JKypHalIapuaa Halp KMIHHraH Xamzaa 15 ta OXM y4yyH ApaTuiras
NacTypuil BOCHTAJIapHH Kai[ KHJINII TYBOXHOMACH OJIMHTaH.

JuccepTauHAHHAT XaKMH Ba Ty3HJaHum. JHccepranus TapkuOH KHPHIL,
Gemra 600, Xxynoca, ¢oiigananunran agabuéTnap pyiixaTH Ba HIOBAIApAaH
ubopar. JnccepTalMaHUHT XaxMn 198 OeTHH Tawkun sTraH.



JUCCEPTALUUSHUHT ACOCHUI MA3MYHU

Kupum kucmuna yTkasunraH TaaKMKOTIApHHHT 1013apbiuru Ba 3apypath
acocliaHraH, TaaKHKOTHHHIT MaKcaau Ba Ba3u¢a.napn, 00BeKT Ba npeameTnapn
TaBcHQnaHraH, pecnyonuka an Ba TEXHONOTHUANAPH PHBOMXIIAHHLIMHWHT YCTYBOP
HyHanuapura MOCJIMIHM KypcaTHNraH, TaAKMKOTHMHT HIMHIA SHruiaurun ga
aMannii HaTHxkanapu 0aéH KMIWHTaH, OIMHraH HaTHXKaNapHHHT WIMMIE Ba amanuii
axaMmHsaTH 04uMb GCPHHFEH, TaAKUKOT HaTHXKaJlapHHH aManMéTra mopnﬁ KWW,
Hallp 3TWIrAaH HWIap Ba JAMCCepTaUMs Ty3wnuwH OyHuua MawnymoTtnap
KEJITHPHIIraH.

HucceprauMaHuur «InHamMuk o0beKTJapHH OOWKAPHLIU KapaéHHHN
HHTEJUICKTYa/lall  MyaMMOJAPHHH  3aMOHABHIT  XOJATHHH  TH3HMJIH
Taxanan»  ned HommaHraH OupuHYM ©o0npa TypAM XM HOAHMKAMKNAp
IIApOMTHAA HUUIOBYH AMHAMHWK OOBEKTNapHH HHTe/UlekTyan GowKapHL
TH3UMJIApHHH HasapHi Ba aMajiui KYpPHUUIHHHT 3aMOHaBUH XOJIaTH EpPHTHIraH.
Junamuk  oObekTnapuu  Oowkapuinl  Jkapa€HMia  maitno  Gynamurad
HOAHHMKJIMKJIAPHHUHT Kenud ynkuin cababnapu oM IHHIAIITHPHATAH.

Xo3upru BakToa caHoaT HIUNal YMKapHIIMHH aBTOMATNAWTHPHW GuiaH
Oornuk ~ Oynran amanuii  coxagard  (QaHnapHMHr  ¢aon  pUBOXKNAHMILH
KysaTunmokaa. Ly cababnu OKOpH Japakand aBTOHOMJIHKKA MOCHAIIYBYaHIHK
Xoccacura, HUIOHYIIMIIMKKA Ba HOAQHHKJIMK IIapoHTiapla HKOpH cmbaTra 3ra
Oyran TypsiM XMl TEXHUK TH3UMAPHH ApaTHII 3apypPHATH Naino 0ynau.

Bynmait Tu3uMmnapHuHr GolKapuul oOBEKTH Mypakkad, kym ynuami,
YH3MKCH3 OOLIKApHIl TH3UMapH OYIHO, ynap sapypuii doligananum tacudu Ba
KeHr (YHKUMOHAN HMKOHHMsATIapra OamropaTnall MMKOHHATHIE, XaMOa TAIUKH
TabCHpP Ba TH3UMHMUHT KOpHii X0NATra MOCNaIlyBYaH XyCCYCHTHa 3Tafgup.

TuauMnapgard OMHITApHHHT HOAHHKJIMIH Ba ¥3rapyBYaHJIMTH JHHaMHK
TH3UMJIAp XONAaTHHM ©amopatnoBuH, y3 wWaebaTnaa Oomwkapuml MacamacHHH
eYMINHM MypakkaOmamuinura onub kKenmagu. AWHHKca, pean mapoHTaa aonusaT
KypcataéTraH TexXHONOrMk obOBeKTIapga cogup O¥naguraH wouiab 4HKapuil
BasHATIAAPHHHT HOAHHK/INIH, ykapaéH MOJEJMHHHAT XaTOJHIH oObeKTaaH onlaéTraH
axOoponap OKMMHHH KaTTalMrd Ba XaTOJMKIapH XaMOa YnapHH KaiiTa
MIINAIIHAHT  Mypakkabnury, ©OyHmalf IOHHaMHK TH3UMJIapHH  OomKapHul
anrOpHTMHHMHT SPaTHIIHH KHIHHIAITHpaau Ba Oy MacallaHH edHIlfla 3aMOHaBHiH
ax00opoT TeXHONOruANapH ITYKIdpaaH doiinanaHum 3apypuATHHH TYFAHPAIH.

Bynpaii OoliKapHil TH3WMIApHHH spaTHImAA HOCTAHAApT YycyjulapaaH
(oitmanannm Tanab stunagn. By 3ca ¥3 HaBbaTHIa TEeXHONOTHK oOBeKTHIA
MHTelUleKyTan OOIIKapull ycynjiapM Ba MHCTPYMEHTAall BOCUTAllApHHM sipaTHII
3apypHATHHH TYFIHpaaH.

TuzuMnapHH aHbaHABHH TAOKUK 3THIN Yycynnapu OYNMHII ajganTHe Ba
pobacT cuHHra KupyB4H GoIIKapHIll TH3UMIAPH TabCHpJIapHH GaxoJaml ycyiu Ba
OomKapHil TH3MMHHHMHI CTPYKTYpacHHM aHMK Oepunumy maptnapn OunaH
KHHMHYHINKIApra Oy4 Kemaau.

bomkapuul xonatnapuHu  Oaxonaml XaMmia JHHAaMMK TH3MMJIApHHHT
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oysna XP - X 1na IXTUMONIMKHMHT TakCHMJaHMW Tynnamu. Moaenaa
HOAHUKIMKHH XHcoOra onvll y4yH yHra tacoau(uii katranuk éxn ko3 duuneHt
KHPHUTHLI MYMKHH. ANMMO Gy MoJennapaa 3XTHMonnap TaKCHMOTHHHA KypHLUI Y4yH
MablyM MabllymMoTiapra 3ra Oynuw 3apyp.

Kapanaérran macana cHH(MHH pacMMnamTHPHII TH3WM Ba skapa&Hnap
KOMMO3MUMACHHM Y3uaa ndoaanopdyn rudpui MOAENTapHUHI MaTeMaTHK THIH
épnamuia TabMHii paBHLILA aMara OLWHPHIMLIKY MYMKHH.

bynnaii monen Kyiugaru TeHrnamanap épaammnna uoaanaHruild MyMKHH:

x(k+1)= (Dklm(k),y(k), m(k+1),y(k+1),u(k)| x(k)+
+ Fk[m(k),y(k),m(kfk D, y(k+ 1),u(k)]- w(k);
z(k +1) = H,  [mlk +1),y(k+ D]+ G, [m(k + 1), y(k + D] v(k),
OyHpa x(k) — ymymuii OowKapuml 0OBEKTH Ba TalIKA MYNMT MOAENMHHHT
KEHralTHpHITaH xonar BEKTOpH; u(k) — OolKapHII TabCHPIIAPH BEKTOPH: z(k+1)
— HazopaT KHJIMII MYMKHH OYnraH xaTTaJlMKIap BEeKTOpH; w(k) Ba v(k) —KkeTMa-
KETJIMrH Koppensuusananmarad y3apo sextoprmap, &[] r[] #.[] u G [] -

ynuamnapra Moc MaTpHUanu QyHKLHANap.

AcocHil  MONEnNalWITHPHAYBYH  TH3UMM  TaaKHK JTHIaéTraH  TH3MM
IWHAaMHKacHHMHI  Mepapxuk Hdomacu  xXucobnaHamM, OyHIa  TH3UMHH
abCcTpakTNaTHPHIUHUHE  TypJiM  caTXJapH HYKTaH HazapuoaH OHHaAMHK
XycycuaTnapH udonanaHanm.

MacanaHMHr eyMMHra Kabyn KWMIHHa€TraH HepapXHK MOINeNMHH HKKHTa
fiynanumra 6y Takmudg sTHAANM:

- BepTHKan Gyitnua uepapxus, OyHIa MOIOENHH TH3UMHHHI CTPYKTYPaBHii-
¢dhyHkumscH G¥iinua caTxnapra 6¥aHI amanra olIHpHIaLH;

- ropu3oHTan O¥iWya mepapxus, OyHAA MOIENHH TaAKHK ITHII YCYJHra
OOFIMK Xosiga caTxiapra 6yiuil aMara ouHpHiIagH.

BepTtukan 6yiinya nepapxusiamjga Mofensiap yuta carxra OynuHras:

- coia Mofesiapaad uGopar 6azaeuit MoJeap caTxu;

- XyCycHi MacanalapHM e4ulira iyHanTupunrad GyHKUHOHan TyraaaaHraH
KypH/IMaNapHHHT CTpyKTypasuii-byHKioHan XoccanapHM KypcaTyBuYH JioKan
MoOJIeJIIap CaTXH;

- TU3UMJIApPHUHT TAWKKUIHA XoccanapHHH KypcaTyBYM Ba IOKOpH Japakala
AeTannalmTHpHarad MoaennapHH Hdoganosuu rinoban Moenap caTxH.

TopuzoTtan Gyiinya nepapX1s MOJEIHH TAOKHK 3THLI YCYJIHra OOFJIHK Xonaa
Mojesuiap TypTTa caTxra 6ynuHamu: ’

- AHaNTWUTHK MOIE/NAIITHPHII  acocHAa apa€HnapHM  xucobnaim
HaTHXKaJlapHHH OJIMII MMKOHHHM OepyBYH MoJemap;

- MaHTuKui-gudepeHunan TeHrnamanap OMJIAH TacBHpPNAHYBYH Ba

OUCKpET XYCYCHSTIIH sKapaéHHM aKc 3TTHPYBUYH MOJeap;
' - HefipoH TapMokiap anropHTMH acocHAa apa€HTapHMHT MaTeMaTHK
cXeMmajaapHHH CTPYKTypaBHit OHPHKTHpHII (OOFIAall)HH aKc 3TTHPYBYH MOJEILIap;

- CYHBMI MHTE/JIEKT ycy/lnapH acocHia TH3UM XOJATHHH GallopaT KHIHII
Ba ONTHMaNaluTHPHLI HMKOHMHH OepyBUM Modennap.

JlnnaMuK OOBEKTIAPHUHT pacMMii KOHCTPYKTHB MOMENapH KyHHaarHia
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Mozen Kypui MyMkuH. Taknud KuanHran ycysn HAEHTHQHKATOPAH MocnalyBuaH
Ba Gaiopat KHIyBYH TH3UMJIAPHH SPATHLL YUYH acoc 6Fnd xuamar Kunazum.

Juccepraumanuir «IunamMuk 00beKTIAPHH 00WKAPHII MacalalapHHy
HHTEJJICKTYa/l edyYBYHHH SIpATHIUY 1e0 HOMITaHTaH Y4HH4H Gobuaa HoaHHKIMK
waponTHaa GaoaHaT KYpcaTyBun qHHaMHK 00BEKTIAPHHHT MOJENIaPHHN SpaTHIL
ycnyOuétura  acocnaHuG  ouMHampk  0OBEKTNAPHM  ABTOMATNAlUTHPHIraH
GOLIKApHII MacanagapHHH edyBuYMHM MWNad YHKHII Macananapu Kypuirai.
HpOﬂyKTHB KOMJa acocuia edyuMHH 4YWKapuilra M?ﬂmaﬂﬂaHI‘aH MacaJlaHH
OHHAaMHK €41YBYH TapKHGHFE KHpraH 1MHaMHK OGLGKTHEIPHH HHTEJINIEKTyaJl1amran
folIKapUIl TH3MMHHH YMyMJIALIraH anropHTMHK CTPYKTYpacH Takiudg 3THIran
(2-pacm). HoaHuknuK waponTuaa (aonmuaT KypcaTyB4H TeXHONOTHK 00BEKTIIApHH
GomKapull MacallaCHHH AMHAaMHK e4yBYMHMHT —acocu OynraH  aganThs
famopaTial TH3MMHHHT Yyal MyMKHH OYnMaral KoOpAHHATaNapHHH aHHKalL
Ba OOLIKApHIl TH3MMHHHHT TapameTplapHHH KOPpPEKUHANAW anropuTMiapH
ApaTUITaH.

HHTennexkTyainamtipunrad 0owKapuil TH3HMHHHHT CTPYKTYpacH YHHMHT
aHbaHaBHil 37IEMEHT/IapH Ba ajloKanapyu GunaH OMprainkia Mapkaswi ypuHra sra
GyiraH MacanTaHHHT IMHAMHK eHyBYHMCH MaBKyIL:

TxMx8§—>CxT,

CxTxXxS—>RxT;

Tx X ={A«TIXxT+{BxTUxT;

TxY={DxT}XxT;

TxRxY —3CxT
Oy epoa T -BaKT MOMEHTIapH TYMJamH; X.S,M,C,R Ba Y TM3UMHMHI XoJaTiap
TYIIaMy, TaWKH MYXHMT, MOTHMBALMs, Makcammap, GamiopaTnaHrad sapHall €4dMm
Tyrnamu; A, B ea D mnapaMmeTpnap MaTpHUanapH, a,, i = 1,4 -6unummnapra
acocNaHraH y3rapTHPHUIHHHT HHTEJJIEKTYanN ONepaTopH.

MacanaHy JHHaAMHK €4yBYMCH IUYHAAi KOMIUIEKC TaluKKIaHyBYH O¥ub, y
TH3MM Ba MYXHT XOJaTHHM Gaxofall MMKOHMATH XaMIa XapakaTNapHHMHT Tana6
3THITAaH Ba peall HATHXallapH MapaMeTpjiapHHH COJIHIITHPHIO XYCYyCHATHTa
sragup. ByHuHr yuyH OOIIKapHll MacalacHHM IMHAMHK euyB4M OWIMMIap
3axMpacHra Ba MacajajlapHH e4HIl yCyanapura ara Oynuinn kepak.

BolmKapul MacalacMHM [UHAaMHK edYYBYMHHMHI acocuil QyHKUHACH
MabTyMOoTIap Ba OMAHMiap Ga3acH X0JaTHHH MAK/UTaHTHPHIIaH HOOPaTAUP.

MHTennextyaunamrad OGoluKapuin TH3MMHHM MaTeMaTHK acocH Oynran
HeiipoH Typnap Ba KaTbHMAMAac MaHTHK YCYJUIADUHMHI MKOOHMH XyCyCHATIapHHH
yauma kaMm KwiraH THOpHI Monemnap HeHpoH-KaTbHHMac — OolIKapui
TH3UMJIapHOa HOKOpPH caMapaaop/iHKKa 3ra 3KaHITUTrHHH KS’(IJCEITJIH.
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Oy epaa y >0- YKUTHLI TEINUTHHW aHMKIOBYM Kod(puuueHT; F . [x,, |- Dpewe
Xocunacu; E —xatonuk dyHrumusach, ke K.

(6) TeHrnama a, Y4yH SAroHa e4uMmra 3ra OYNMII [MapTH Gaxapuiraia
xaronuk GyHkumsacu E (vy, ..., Vi, Uy, ..., Uy) BakT 0YiiNua MOHOTOH Kamasnu Ba

KyliHaarn TEHrTHKHH KaHoaTlaHTHPaH:

g SE

ag ==y ke K

-

ByHnait €nnamyena HeiipoH TapMOK 3/eMeHTap HeHpo TapMoOK Waknnna
alipum  a;memMeHTnapra  Gynnuanu.  HeflpoH TapMOKHM  JKWTHII  anropuTMy
KyHHgaru4a TacBMprIaHaau:

Pn = Z ;¢

s€ Dn
r,=o(pn),
6y epna n- HeHpOH MHIEKCH, s- CHHATC MHAEKCH, Dn- n HeHPOHIAPHUHT KHPUIL
CHHAIICNapMHUHT MMFHHOMCH, pres Ba post ONIM CHHANTHK Ba CYHTH CHHAMNTHK
HellpoHnap, - § CHHANCHHHT Ba3HM, pi — 1 HEHPOHHNUHT MeMOpaH 1 MOTeHLHaNH,

Fn — n HEeHpPOHHHMHI KY3FalMIl 4YacTOTacH, C - CHIMOHMJ THMMIArH

daonnawtHpum gyHkumAck. By GyHKUMAHK KyfHIarnya TaCBHpaIl MyMKHH:
ex)=c——

l+e™

By Xon/ia cHHarcnap BasHi Kyiuaard dopmya 6yiinda aHuKIaHa a4

w.=r, (GDMP' P -1, ,k.m)
6y epna ¢, = Y 0, 0,
Se A

y — ©Oapua HelipoHnap y4yH TecKapH fornann ko3 uuKeHTH, @, -
OeBocuTa TeCKapH XaToJIMK CHTHallH.

IllyHnaii kunub, HeiipoH TYprnap Ba KaThHiiMAac MOMNEIUTAPHHHT IKOOMI
XOCCANapUHH GHPMALITHPHIN HOAHMKJIMK LIADOMTHAATH Mypakkal IMHAMHK
o6bekTaapHy GOKAPHII MacaNanapuHH caMapasi e4HIl HMKOHHHH Gepalni.

JucceprauusaHunr «AnHaMHK 00BbeKTIapHH HHTEIEKTyan GolKapHu
TH3HMHHH ANTOPHTMHK CHHTe3M» 1e6 HoMnaHraH TYpTHHYM Gobuaa Golnanruy
MaBIyMOTIAp HOAHHKJIUIH WapouTHAA GaonHaT kKypcaTa€TraH MepapXuK TallKHII
3THITaH  JMHAMMK  OOBEKTJIapHH  HHTelIeKTyalamTHpunarad — Gowkapui
TH3UMUHH KYPHII TAMOHUIIapH KEeNTHPHIITAH.

KyrcaTxJM HepapXxWK TH3MMIapia MyXHM Macananapnaad OWpH  YHHHT
OCTTH3MMIIAPHHMHT MIIWHH KOOpAMHALMANALI MacalacHHM euHmgaH uGopatamp.
Arapia TH3MMAA HOAHUKJIMK Maexyl O¥/ca, kapop kKalyn KMMII MacanacH sHana
Mypakkabnaman.

Bynpait . Xonja  caTxJlapHH  KoopAuHaumusnaw — Gesocura  Gapua
Gowkapunyedu oObekTnapHuHr Gomkapmm cH(aTHHH yMymiamrad GaxocH
OynAMMII cHTHAIIApHH GOLUKapHLl TH3HMH OJNMIUM OPKAIX aMajra OLIMPHIIAH.
oMccepTauMs MIINAA GOWIKAapHIm caTXIapHHH KOOpPIMHALMANAI YYyH HKKH
caTX/IM TH3UMIIApHH ONTHMaNall MacananapHHi TagKHK KHIHI Takindg STHIaau.

]
]



Bynna (i -1)- carxaaru macananu 1 EYHIL YUYH / CATXIArH ONTHMA//all HATHKACH
Oepuiran xucobnananu. Arapia x, Kyiimaaru KypuHuwna éscak:

x={x, }i=IN, j=1M
i- OOWIKApHII caTXumark ocTTH3MMMAp M =m,- COHM G6¥nca, x.,.,j=Lm_,
€YNUMHH TONMHW yuyH Dapya eqynmap \'_J' j=1m, kaByn KMuNHHraH XucoGnaHamH.

by Xonna nokan Gowkapuw TH3NMMHMHT IMHAMHKacH Kyiinaruua
HdonanaHmILIM MyMKHH:
® XOJIaTHHHI KaThkHiIMAac TeHraMacH

d;/df=2®;®§®u, ,ug(s),
® KY3aTyBYMHHHI KaTbHHMAC TEHrnamacH
v=C®x,
® KaTbHiiMac GomnaHFHY WwapTiap )
x,(0)=D, x,(0)=Ds.....x,(0)= D,
Oy epia ®,® - kaTbHiiMac KyIHI Ba KynaiTHpHII onepaumsapu; u — KaTbHHMac
KUIIMaTHH Kalyn Kunye4m 60ml\apum CHICHaJH; x= {n X2yeers Xi e ,x.,}—r:a'rbunmac
Xonat  BeKTopH, i=]2, .. y= {yl,yz, ,yv .Yj— KaTbMiiMac  YMKMII
y3rapyBUHIapHHHHT BeKTOpH, g—! 2,....0; p(s) - s Xomar y3rapyBumnapHHHHT
KaTbHiMac (y3l‘apy3‘m) COHHHHHT KYpCaTKH4YHM Ba XOJIAT TEHIJIAMACHHHHT Ba3HH;

A| e A 31__ E: Cn“I
. s E=li

i z::J ) (& . Ef.L
ko3 puurenTnap marpuuac.

Xonat BeKTOPHHHHT GHpoH Oup i-y3rapysuncu BakT QyHkuMsacH cudaTuaa
KaTeHiiMac MyHocaGat Wwakiuaa HoaaNaHUILH MyMKHH: 5 () ={ex, /us, (t.x)}i=1,
2,...,n,. Kypcatunrau yarapysum Genrmmanras BakT MOMEHTHIA KaThbHIMAac
TYyIiaM KYPHHHLIMOA WdomanaHHK MYMKHH. ;‘_{ x, Ju (x } Xymmu wmyHra
yXmarm ¢ yuKum ysrapysqucn KyiHiarn4a E3ummmm MyMKHH:

v 0=ty 6y ) 6=1,2,...],
v =ty /= (0.},

Oy epna p,, 4~ TaANNYKIMIHK hyHKUMACH; X, ¥, - YHHBepcan TynnamjaH KHimat

A,B,C  Marpuuacuuusr 3IEMEHTNAPH KaTbHiMac Tymnam maknuga GepHiraH

6¥ncHn:
4! g, (4 Pa oA =a; ()}
B—B/p() {B/#B()}
C‘ C/l"m (Cl)} C"_{C /#Cn (Cr)}

boumanrny  waprnap KateuiiMac  T¥pnnam cudarnpa Kyiuaardia
ndonanananu D, ={x, /15, (%)}, XonaT BeKTOpH Y3rapyBusCHHIHT coHM KyliHIarnya

A= MOJETHHHT KaTbHiiMac
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é3nnanm, §={s/,u;.(s)}, 6y epma s=/,2,..n Xonar BEKTOPH ¥3rapyBUHCHHHHT
TapTHO HOMEPH.

Taannyknunuk (yHKUMSCH aHalnuTHK MyHocaDaT cudatnna Gepunnim
MYMKHH, MacanaH x, ¥3rapyBUMCH YUyH

e (-“,)=0”(—\',ﬂ_‘—.,. Tl Vi Ve )=
= . - -1
_ [(bﬁ,‘(a“ _x))'.r. .S!g”(bl?'((‘:T' -.\))+1 +(bﬁ.(a;, _ \)) = srgn(bﬁl(c;‘ .\'))+! . ])
By epaa a; TaaulykiMIMK QyHKumAcH - molacH, by Ba by

ko3 (HULMEHTAP TaANTYKTHIHK GYHKIMACHHHHT KEHTITUTHHK Oepann, v,y Ba v g,
sca Oy (yHKUMAHHMHT X; VKKa HucbataH OFMIIMHM Kypcartanw, b, b,g.V3»

v,;, KoadbduumrenTnap uxTHEpHIt KYpHHHLILATH  TAAYKIHIHK  (DYHKUMACHHH
WAKAMHY XOCHJ KWJIMIL MMKOHHMHM Oepaait Ba HOQHMKIMKHMHI KYpCaTKH4M
cudaTHaa KyITaHHIHILH MYMKHH.

Bowkapui TH3MMHHHHT cHAT KypcaTkuunapH (YTKHHYM KapaéH BaKTH,
MakCHMas OFHMIL, Ky3aTHII XaToiurd Ba Gowkanap) ¢oitnanunuk QyHKUHACH

wak/Maa KyHuoard KypuHHmaa SepuiamH:

0, -lor/u (@ )k =12....K,
,uék(Q,j)=(pr,j,a’f.,b’@,b’z},,v’.z,v%x.),
6y epna K- GolKapHLl TH3UMHHHHT CU(AT KypcaTKHHIapH COHH.
BolKapHIIHKHT Gepiiirad cH(ar KypcaTKH4IapH acocHia 3TasoH MoIen
aHUKJIaHa[IK:
x,=4x,+Bu,
By epla i, - TH3UMHHUHT KHPHII KaTTalIHIH; X,(?) — 3TAJIOH XOJIaT BEKTOPH.
Xonat BeKTOp/apH y3rapyBuMIapH Ba OOIIKAPHIIHUHT Yerapapuii KHHMaTH
Ky#uaars KypHHHmaa GepHiHIH MyMKHH;

gl(xsliz}',l)< X} max s gz(;au_?’f)< min 3***3
A

an—{}’”!?”)<xnm:x’g XU, 7, nmin ?°°*3
B\ XU Vol )< U gm(;,u,y,fj(. Upin -

BomKapHil TH3UMHHH cH(aT KypcaTKn4IapHHH aHHKNaW yuyH Gourkapu
oGbekTHHUHT a; (1), a;'(r), BAKT XapaKTEePHCTHKAaNapH XaMia TaaJlyKIHIHK
dynkumscununr b (1), b-(0), b0, sz-‘,(r) KEHTNINrH OViiHya aHuKIaHagHMTaH
KaTBMIIMAcIAK TapaMeTprapd  KyninaHHIaaH. Bomwkapnm ofbekTH Xakuna
MaBJIyMOTIAPHHHT ~ HOAHHKJIMTHHH KaMalTHpHLWl  Ba  OowWwkapuin  cudat
KypcaTKH4JIapHHH axuHnam yyyH Kyiugarua KuiimaTiap MaKCHMaJJlaluTHpHIaan
b(t), b5 (0)s bz o), by (1)

BolIKapHll ANropuTMHra poOacTIMIMK XOCCaCHHH Gepum yuyH Teskop
rpajMeHTHHHI JMCKDET aNropHTMHHH napameTpuK INaknga Kyianam  Taknud
yruarad. By 3ca MypaKKkaG/IMKHM MHHMMYMIMIHHH TabMHHIAMAK Ba GolIKapui
cUrHanM Xamja YHH Y3rapuin TesNMrura KyHHIraH uerapaHu xucobra ojim
MMKOHHHH OepanH.

BowKkapHil THU3UMHHHT YTKHHYA JKapaéHMHMHT aHMKIHNIH Ba CH(pATHHH
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AXIINAAW - MaKkcannaa  GOolIKapHLl  anropuTMura OolKapum  CHrHaNIapuHK
KOMMPOMHC BapHaHTHHHM TaHnawl 6yiinua kapop Kabym KHaum alroOpUTMH
KYJUIaHWITaH.

V xonma TakOMHIUIAWITHPHTaH GolwKapul KOHyHH Ky#MAard Kypunnira
ara Oynanu:

u= k”(.f)- u,(t)+ g ke (e) x5 (2),

kit +1]= k5[k)1= hyy) + h(y, =y -t [e]=hys [e+ 1 e +1]
ff_:,[t + l] = ki[kll - h;/3)+ lr(ys sy }5 . [t]xf[f}-— hyd - [r + ll‘cf[t + l].
k[e+1]= & [kJ1= 1y, )+ by, = 7, )5 - [ehe Je]= ys - [r+1ke,[e+1]
Oy epna t = mh, h>0 — IHMcKpeTnaw Kagamu, , m=0,1,2, ..., m; ;’={y,.y2.yi.y4.y5.yﬁ}

- ANanTHB  perynatop mnapameTpnapH; e = [(x -, )u-(¢)dy, XonaT BexTopn
:

)"fsrapyalmnapu Ba XONATHHHT 3TallOH y3rapyBuHnapH ypTacuuari apk;

ﬂ;(‘f)=('-’.,a;,,b,;,b:;,,vl;_,vz;)- XaTONHK  TAaIyKNMIHK  QyHKUMAcH, ¢ —
TAANYKNHNMK  QYHKUMACHHMHT aHaNHTHK KyPHHHILMK; =0, =X, V=V,
Yoz =Vozs b-=b-, b-=b,, ,r;:[,\;d\;- XONaTHUHI  HHTErpajialiraf
X,
~ L] b
ysrapysumnap  pektopw; S-[r]=Yk-e°, h — OBBEKT MATPHLACHHHHT
=1

ko3 duumenTnapn Ba B, 3TamoH Momen MaTpHUACH Koa(dHuMeHTIapHnan
OJIHHTaH K03 duuneHTap. -

Uynnnroek 6y GoGma Typau  HoammK Xanakutnapra pobacTnuKHH
TAPMHHIIOBYM  IMHAMHK OOLEKTNAPHH HMHTENeKTYALIAlITHPHITaH SowKkapui
THSHMHHH  TanKMK KWIHIWHWHT ajanTHB HelpO-KaTBHIIMAC aNropHTMIapHHH
KYPHII MacanacH kypuiiraH.

Taxnmu¢ sTunran cuntesnaw anropuTMaapH KeHr CNEKTPAArd XaaakuT
MaBiKyn Oynranna auHamuk o6LEKTIapHH GowKapui TH3UMIIAPHHH JNoiHXanail
MacanallapuHu Ky1n1aHUIHII COXACHHH KeHraiTHpaiH.

Huccepraumsanunr «Mwna6 9mkmaran Mogen Ba AJITOPHTMJIAPHH
TeXHOMOrHK o0beKTIapHH fomKapHu #KapaéHNapuHu
HHTEUICKTYaIaWTHPHII  Macalajapura aMainii TATOMK OSTHOI» HOMIH
Oewnnun 6o6una anpHop HOAHHMKJIMK IUIAPOMTAAPHAA TEXHOJIOTMK OOBEKTIapHH
Gomkapum Ba aBTOMAT/AIITHPHIITAH MOHHTOPHHTHHH
MHTCIUICKTY QAW THPHIIHMAT  TeXHHK: BOCHTANAPHHM ApaTHII Macaialapuaa
HIWNAG YHKMNray Gomkapuin >xapaéHlapMHH WHTEUIEKTYA/UTAIITHPHIN MOJEN Ba
ANrOpHUTMNIApUHK KY/nall HATHXKANapH KEeJITHPHIIraH.

Mucon cHaTHaa pexTHHKALMA KOTOHHACH TEXHOJOTHK JKapagHNapHHH
HHTEIUICKTYan ajanTHB Helipo-KaTbHiiMac GOMIKAPHIN TH3HMIAPHHH ApaTHII
Macananapu - kypu6 wymkunras. PexTu(hukauns KONOHHAaCHHHHT caMapagopJiuru
KOHLUCHTPALMAHUHT KonoHHa GyTyH GanaHmnurk GyiiMua TaKCHMIIAHHIIH %OpHii
npobunu  Gunau aHHKNnaHann.  PexTHdukauMas  KOJOHHACH  XapopatiH
NPOGHINHHHT  MaTeMaTHK MoJeNHHH Kypuwga Jlstoca-Matucon yciyOunman
oiimananmnran. V xonna o6sekT Mogenu KyHMOarH4a Kypuuumra sra Oymanu:
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.‘”'_“]+ Vo) =ky Xyt =1))
S ot

Sl S LoodY L) ok S
4 AT TS ) =k Vi)

V(1)

- dY (1) ek Vo(f-r
Zany, T = Fs(t)=ky- ¥ (0 -1,)
Z.lll_rw df (1) , e B 5 _
3 AN T, —(3—4-),(1)71., Y.(r=1,)
P N I L L Y(r)=05-(K1-Y, (1)« K2-Y,(1)
[T 7 Suel_Am, | oA ) b
v \ z,0). | i,_-T+ Ye(t)=kg-Y (0 =1.)

Pextnduraunon 4 - H .
Ko0nH2 LN . | T, - %"' Yo(t) =kq ¥y(1 =15)
't

F — e L dEL()

Ty + FVe(t)= kg X1 —7y)
| ot

Marematnk wmomenma %(r), Ya(e), ¥%(¢), Y5(¢), Yi(r), Yi(e) — woc
paBHIIga KOJOHHA KyOu, 16-, 22-, 28~ (TabMHUHIAL Tapenkanaph), 37- KOJIOHHA
IOKOpPH KHCMIIapHHHHT XapopaTiapH, Y,(t) - TapMuHMam TapenkacHHMHT
Tarugad Oepunamuran GyFHMHT xapopart, Yy(f) - Tammmmam TapenkacHHHHT
TernacHujaaH TYLIYBYH CYIOKJIHK Xapopar, X,(r), Xz(t) - Ku3aupuarad Oyr Ba
COBYTHIN areHTHHMHT capdu, 7,..7T; — Oowkapum o6BexTH Moc KaHaJlapH
IMHAMHK TaBcH(IAPMHUHT BaKT JOMMMINApH, k, ...k, — Gowkapuim 0OBEKTH
MOC KaHamapu GOViinua ysaTw ko3dduuueHTIapH, 7,...7, — OOWKapHII
0BBEKTH MOC KaHa/IapH Gyiiiua KedUKHII BAaKTHHHHT Kuitmatnapy, K1, K2 —
cosnam ko3(pHUUMeHTIapy, [ — aHANOMK BakT. TafKUK 3TwiaérraH MasKyp
ABTOMATHK OOIIKApMII TH3HMH TAIWIKH KY3FaTyBuM Tabcupnap OCTHAA
(Macanan, 6yr capdu y3rapumn 15% nan kynpok 6ynranma), ékn GomKapHII
06BEeKTHIA TTapaMeTpHK y3rapuiuiap (MacanaH, apanammMa TapkKHOH yarapHIl
10% 6ynranna) skapaéHHMHr CHAT KypcaTKMWIapu ce3usapny japaxkaid
EMOHNAIAN, HATHKAZA XOM amé ucpodu opramu. Bomkapuim xapaéHHHHHT
cndar KYpPCATTHUMHM AXIIMIAl Makcamuaa oObeKTra AuHamMuk pocTimam
XATOJIMIH y3rapHil [JHana3oHHAA Ba YHMHr OOLUIaHHIN KuifMaTHra pgucbarad
MHTErpATHIaH OOIIKADHII TabCHPHHM WIWIAG uMKYyBuM HMHTE/UIEKTY2
pocTiaarad ynaiimus. ByHHHT acochza pexTH(HKALMA KOJOHHACHHHHT xapopat
npoMITHHA ajanTHB Heiipo-KaTbuiiMac poCTaam TH3MMHHMHT HMMHTALHOH
MofelM MILTab uMKHIIH Ba TAWIKM MYXHT XaMJa mapameTpuk Ky3FaTyBiH
TabCHpNAp OCTHAA KaTop Xucobuii Taxkpubanap yrkazunon (3-pacm).

Ay € f T3 Joxen

b e

10

— BOWKApHUICH3 XONATAATH XOM aWwéHIHT ¥ KoTHARLIN
* """ PoGacT crabunnaw XonaTHAAM XOM AWEHHHT AFKOTIIIR
©"7 HiuTennexTyan GowXapi XonaThAars XOM auEHHHT

& s P rH
3-pacm. Xom awEnnHr iyKoTHANMMHINT GomKapum xapaénnaart rpadn



Tankukotnap wyHn KypcaTOMKM, CHHTE? KHIHMHraH Helipo-KaTbHiiMac
TH3UMHHHT OOLIKApHLl anropHTMH acocHaa OOWKAPHIAETIaH KATTANMKHHMHT
KOpHIl KHHMATH Tanad 3THIraH KaTTalHKIaH ofHM 2.5% [aH olMaciIHrH
AKKON KYPHII MyMKHH. ByHJa TH3HMHHMHT XoM amé capdn Ba KU3IHpYBYH ()%3
XapopaTHHHHT ¥3rapuiun 6¥iinua ranagunapra pobacTiHri XaM TabMHHIAHIN.

HacTypuit xoMnnekc KYpHHHIIMIA APaTHArAH TEXHONOTHK OowKapys Ba
MOHUTOPHHT aXGopOT-TaxXaHA TH3UMH VY30eKHCTOH pecnyOIHKacHHUHE KaTop
KOpXOHa/lapHzAa KYNNaHWIHIIN HaTHXacHAa axOopoTiap OKMMHHH KaiiTa Miam
Ba MabJIYMOTJIApPHH TaXJIMJl KHIHWra caphnananurad Bakt 1,26 MapTa KHCKapIu,
SHEpreTHK OOBEKTNAPHHHT TEXHONOTMK HII PeKMMIapHHH ONTHMAaNIam THPHIL
xicobura sHeprusHuHr capdu 1,15% ra KuckapHIIMra spHIHIIN.

XYJIOCA

«HoaHnKkIHK mapouTiia AMHaMHK 06beKTapHi GoLIKAPHII Kapa&HIapHHH
HHTEJIEKTyanIallTHPHIL MOJeNNapH Ba alropuTMIIAPHHH SPATHII» MaB3yCHIArH
NOKTOpNUK AucceptauusacH Gyiinya onnG Gopuaran TankHkoTnap HaTHXacuia
KyHHOary Xynocanap TaKIuM 3THIIIH:

1. JlnHamMuK OOBEKTNAapHH HHTENNIEKTyan GoLIKapHLI MacananapHHH
EUHIIHHHT YCYNNApH Ba &NTOPUTMIIAPHHH TH3MMIALITHPHIN BAa TAXIHI KHIHIO
acocHa aBTOMATHK GOOIIKAPHIN HA2apHiCH Ba MHTENNEKTYal TeXHOJOTHS
Tamoinmapn GasacHia IMHAMHK OOBEKTJAapHH MHTENIEKTyanl GONIKApHII
TH3NUMIIAPHHH APATHLIHHHI Ha3apHil acocnapy pHBOKIaHTHPHTaH.

2. Hoanuknuk wapouTina GaolMsT KypcaTaquraH JHHAMHK o0BeKTIapHH
MHTE/UIEKTYan  OOINKApHII TH3UMJIAPHHH fApaTHINJA KJIACCHK  GOIIKAPHIN
Ha3apHACH Ba MHTE/IEKTyall GOWKAPHII YCYIapHHH MHTErPAIALIra acOC/aHraH
AHrH cudaT KypcaTKH4NH EHJALIYB TakaHd STHIrAH.

3. Texnonoruk obwekTiap GOWIKAPHIYBYH >KapaSHMAPHHUHI JUHAMHK
XoccalapMHH  XMCOOTa OJIMII HMMKOHMHM GepyBuM Ba MoC/allyBYaHIHK
Xoccanapura 3ra HMHTeNNeKTya/UlalifaH THOpMA Mofeislap MakMyacH HIab
YHKHJITaH.

4. HeiipoH Typnap, HOaHWK MaHTHK, IeHETHK IrOPHTMIAp Ba KIAaccHK
Oowkapuil HasapuAcH yCynnapH acocHia MypakkaG IaKTaHyB4H Domkapum
KApa€HNapHHH  MONENVIAPHHH  IIAKIVIAHTHPHIN Ba [MHAMMK OOBEKTIApHHM
OOWKapHIN kapa€HHHH WHTEJUICKTYa/UIallHWHT MaTeMaTMK acocH  Gynra
TEXHONOTHK KapaéH/IapHHHT THOPHI MOJIENNApHHK APATHII YCAYOHATH MIINab
YHKHJITaH.

5. Hepapxuk Taxjun ycyiapw, Gaxonaum mpouenypanapH Ba KaTbHiiMac
MaHTHK ycynnapu Gazacuza GOWKapuIl TH3MMH (GAONHATHHHHT  MOZENHHH
TaHJaI acochaa MMHAMHK OOBEKTIAPHH TAaAKHK KWJIHIIHHHT CaMapany e4HMHHH
TABMHMHJIOBYH MOJENIAIN ANTOPHTMIAPHHH SPATHIIHHHT ANTOPHTMHK acocnapH
nuiab YMKHIra”,

6. CrpykTypacu, napameTpiapH Ba BasHATIAPH HOAHMKIMK LIAPOHTHIA
MHTe/UIeKTya)l OollKapHIl TaMoiMINapH Ba aHbaHaBHiI aBTOMATHK Gomxkapum
HA3apuiACH YCy/JIapHHM §3 M4Mra onraH AHMHAMMK 06bexTnapHUHr GowmkapHm
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BBEJIEHME (anHoTauus 10KTopckoii JHCCepTALHH)

AKTyaJbHOCTh M BOCTPeGOBAHHOCTH TeMbl Auccepramun. Ha
CEroaHAWHHI IeHb B MUPOBOIi NIpaKTHKe B Clepe aBTOMATH3aLMH BeIyIIee MEecTo
3aHUMaeT co3jlaHHe BBICOK03( G eKTHBHBIX cHCTeM YIpaBJIeHHs
TEXHONIOTHYECKUMH  MpOLECCaMn € MPHBIEYEHHEM  MHTE/IEKTYalbHbIX
TexHosmornit.  OpHoif M3  HauBonee  akTyanbHBIX  3ajgay CTPEMHTENIEHO
pa3sBHBAIOLIErocs  COBPEMEHHOr0  HMH(OPMALMOHHOTO  of0lecTBa  ABISETCS
YhOpaBli€HHE pealbHbIMH JHHAMHWYECKHMH CHCTEMaMH Ha OCHOBE oﬁpaﬁ'omu H
anain3a OrpoMHBIX MOTOKOB JaHHbIX. B 3ToM Hanpasnenuu onpeneneHHble
yCmexu NOCTHrHYThl B BEAYWIMX CTpaHaX Mupa, Takux kak CLUA, Tepmanus,
Anonns, HOxuas Kopes u ap., rae ydensercs NpHCTanbHOe BHHMaHHE IO
COBEPIIEHCTBOBAHHIO CHCTEM YMNpPaBIEHHA TEXHONOTMYECKHMH OOBLEKTAMH s
obecneyeHns  KOHKYPEHTOCHOCOGHOCTH  MPOAYKTOB - M 3 exTHBHOCTH
MPOH3BOACTBA B MPOMBILIIEHHON W HENpoMbIIIeHHOH cdepe. B HacTosmme
BpEMs B 3THX CTpaHaX NMPHMEHAEMbIE MHTEIIEKTYalbHEIC CHCTEMBI YTIPaBJIEHHs
TIpOM3BOACTBOM  COCTaBNAKOT  okono  40-45%' B pesynabTate  3TOro
ofecrieynBaeTcsi yMEHBLIEHHE PACX0A PECYPCOB M SHEPIHH Ha 35%.

B PecnyGnuke Y30ekucTaH NpOBOAATCA LIMPOKOMACLITAGHBIE MEpOIpPUATHS
Mo 3(QexkTHBHON OPraHH3aLMM Mep MO CO3JaHHIO BHICOKOI((EKTHBHEIX CHCTEM
YTpaBJIeHHA TEXHONOTHYECKHMH MPOLIECCaMH M NPOH3BOICTBaMH, B aToit chepe, B
TOM 4uHcsie, Mo pa3paborke 3((EKTHBHBIX CHCTEM YNpaBNeHHMS OTHENBHBIMH
TEXHONIOTHYECKHMH ~ OOBEKTAMH B pa3sNM4HBIX  OTPAcisX NPOM3BOICTBA,
MHTEJINIEKTyali3aUMH MNpOLECCOB YNpaB/ieHHsA, COBEPIIEHCTBOBAHHH METONOB
HCcceI0BaHMs HHTEJUIEKTYalbHBIX CHCTEM YIpaBleHHs, CO3JaHMH
MHTE/IEKTYalIbHBIX ~ CPEACTB  NpPOLECCOB  YNpaBleHHd, MpPOBOAMTCA  psif
HCCTIe0BaTENLCKHX paboT. :

B mupe npucTankHoe BHHMaHHe yaenseTcs pa3paboTke Heiipo-HeueTKHX
Momeneli M aNrOpUTMOB  CHHTE3a CHCTEM  yOpaBieHHs B  3ajadax
HHTEJUIeKTyallH3aliH  CHCTEM YNpaBlieHHA TeXHONOTHYECKHMH o0O0BeKTaMH,
(opmupopanua Ga3bl 3HAaHMI M HMCMOJNB30BAHMA MX TpH COBEpIIEHCTBOBaHHH
ynpasiisembiX cHcTeM. B 3Toi ofnacTu ocyliecTBieHue 1ieneHanpaBleHHEBIX
HayuyHBIX HCC/IEJOBaHHH fBNAETCA MPHOPHTETHOI npobneMoii, npu 3TOM BecbMa
aKTyallbHEI HCCNIEIOBAHHA B CIENYIOUIHX HANpaBNeHHsX: pa3paboTka rHOPHIHEIX
Mozeneid NHHAMHYECKHX IPOLIECCOB Ha OCHOBE HEHPOHHBIX ceTel H He4yeTKol
NIGTHKH, [MO3BOJAIOIIHE YYHTHIBATE OCOOEHHOCTH [MHAMHYECKMX OOGBEKTOB;
HHTEJUIEKTYalH3alls  NpPOLECCOB  YNpaBleHHH Ha OCHOBE COBMECTHOIO
NpHMEHEHHA COBPEMEHHBIX METONOB TEOPHH YNpaBleHHs M TPHHIIHIOR
MHTe/IeKTyanu3aui; pa3paboTka HHCTPYMEHTANBHEIX H TIPOrPaMMHEIX CPEICTB
HHTE/IeKTyalH3alHH NIPOLECCOB YNpaBleHus; pa3paboTka BbICOK03I((EKTHBHBIX
aJIrOPHTMOB aanTHBHOTO H 'pobacTHOTO YNpaBlieHHs; co3nanMe Ga3kl 3HAHHI Ha
OCHOBE MoZeNiel M aNrOpHTMOB YTpaBieHHA; paspaGoTka TNpPOrpPaMMHO-
HHCTPYMEHTANBHEIX  CPEICTB  MHTEJUIEKTYANH3alMH  aBTOMATH3MPOBAHHOTO

" Dnexrpornnbii skypian «CHcTeMHb aHATH3 B Hayke 1 oGpazosaniity, Ne2, 2015 (wwiw. http://sanse.ru);
? Mesknynapomustii sxyphan «TTpoGiesst TEOPHH H NPAKTHKH yNpasneHus», 5/2014. (wwiw.https://istina. msw/ru).
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B MHpoBBIX MccnenoBanuax no paspaboTke HHCTPYMEHTAJILHBIX CpPEe/ICTB
CO3AdHHA MHTENNEKTYTBHEIX CHCTEM YNpPAaBJIEHHS JIHHAMHYECKHMH 00BEKTAMH C
TIpHBIIHYCHHEM NOCTHIKEHHH COBPEMEHHEIX MH(OPMALMOHHBIX TEXHOJOTHI no
pily TPWOPHTETHBIX HamnpaBleHHH TNPOBOAATCA HayyHBIE HCCIAEHOBAHMS TIO
(opMHpoBaHHIO MaTeMaTHYeCKHX Mozeneil JHHAMMYECKHX OBLEKTOB C YHETOM
HEONpeneneHHocTed;  paspaboTke  Heipo-HeYeTKHX  Mogeneii NpoLeccoB
YTPABIEHUA TEXHONIOIHYECKHMH NPOLECCAMH; ANrOPHTMOB MHTENIEKTYalH3aLUHH
MPOLECCOB  YNpABNEHHs AWHAMHYECKUMH  OOBEKTAMH; MHCTPYMEHTANBHBIX
CpeACTB ABTOMAaTH3HPOBAaHHOTO MOHHTOPHHTA H YTIPABIEHHA NHHAMHYECKMMH
00BEKTaMH; KOMIUIEKCOB Mporpamm IUis pelleHHs 3anay HHTENIeKTyanMu3almu
MPOLIECCOB YOpaBleHHs — NUHAMHYECKHMHM  O0BEKTAMH B YCNOBHAX
HeonpeeeHHOCTH.

Crenens  m3ydeHHocTH — npoBiemel. Bonpocam  wuccnenosanns
TEOPETHUCCKMX M NPAKTHYECKHX 3alay MO HHTEeNNeKTyaTH3aluHn MpOLECCOB
YOpaBeHHA OWHAMHYECKHMH O0OBEKTaMHM M CO3JaHHIo BEICOKO3(h(heK THBHEIX
CHCTEM YNpPaBIEHHA C Y4ETOM pa3nuyHEIX (AKTOPOB CIOMKHOCTH WM
HEONpeaeneHHOCTH, HHTEJUIEKTYalbHBIX CHCTEM YTIpaBleHHA TeXHOAOMHYecKHMH
00BEKTAMH M TPOLECCAMH B  YCNOBHSIX CTPYKTYPHOMH, IlapaMeTpH4YecKoil H
CHTYaLIHOHHOH HeoMnpeneNeHHOCTelH, NOCBAMEHBI paboTe! pana yuéHerx: Abraham
A., Aliev R.A., A Allgower, Griffin M.F., Hunt K.J., Irwin G., Kraszewski P., Li
Ning, Li Shao Yuan, Piegat A., Stolcman S., Sugeno M., Tanaka K., Wang H.O.,
Warwick K., Xi Yu Geng, Zadeh L.A., Zheng A., Antynuna A.E., Bo6ko B.1O.,
Bopucosa A.H., Bacunsesa C.H., Bepnanp A.@., Boctposa H.H., ITynkosa K.A.,
Tapacosa B.B., Vneanopa C., Ab6pmynnaesa II. A., Abytanuesa @.B5., Anunosa
®.T., Apunosa M.M., Bekmypatopa T.®., Tynamosa IILM, Xymanosa M.H.,
HramGepaouera X.3., Kanmeipora A.A., Kamunosa M.M., Mapaxumosa A.P.,
Myxamenuesoit I.T., Paxmatynnaera M.A., Yemanoga P.H., FOcyn6exora H.P.
H Op.

Co cTOpOHBI psifma Y4&HBIX (F.L. Smidth, P.A. Anues, V. MakKannak, V.
IMurre, T. Koxonen, k. Xondung u Ip.) BENHCh HCCIENOBaHHA, TOCESIIeHHEIS
BOMpocaMm pa3paboTKH H HCNONB30BAHHA HEYETKHX PeryyiaTopoB B 3amavax
YNPaBNEHHA CIOKHBIMH HeJIHHEHHBIMH JHHAMHYECKUMH OOBEKTaMH, B KOTOpPBIX
MOy CHbI BECbMA BAXHbIE PE3YNBTATh, B YACTHOCTH, CO3AHBI M HCNIONB3YIOTCA B
MPOMBILLIIEHHOCTH Helpo-HeueTkHe KOHTPOJIIEPEI H  pasHooOpasHEle
HHTEJUIEKTYallbHble CHCTEMBI,

McenenoeaHnio ~ BONPOCOB  CO3AaHHs HHTEJJIEKTYallbHEIX ~ CHUCTEM
YTpaBJIEHHA C NPHMEHEHHEM IKCIIEPTHEIX CHCTEM IMOCBSILEHE! paGoTH M. CyreHo,
T. SImakasa, T. Takaru, C. Scynoby, JI. 3ane, H.I'. Spymkunnoi, IT. Xekcon, R.
Davis, T. Caatu, E. Mampanu, I.A. Tlocnenosa, T.d. BexkmypaTtora, H.P.
FOcyn6ekosa u ap., B koTopblx 060CHOBaHa HEOBXOAHMOCTE HENOCPEACTBEHHOTO
ydeTa  HCONpEeNENeHHOCTH MapaMeTPOB M XAPaKTEPHCTHK, KACAIOLINXCA
IHHaMHYECKHX OOBEKTOB, & TakKe HETOYHOCTH M HEYETKOCTH nHpopMaLMH B
MOICMPOBAHHH M YNpaBJIeHHH TEXHOJIOTHYECKMMH TIpoLeccaMu. Bmecte ¢ TeM, B
Hay4HBIX TNyONHKaUMAX B HENOCTaTOYHON  Mepe PaccMOTpeHBl  BOMPOCEH
CHCTCMATH3aUMK  M3BECTHBIX  MOAXOAOB M pa3palOTKM  COBEPLISHHBIX
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MHCTPYMEHTAIBHBIX CPEICTB CO3JaHMA HHTEJNIEKTYalbHBIX CHCTEM YNpaBneHus
IMHAMHUECKMMHM O0BEKTAMM, a TaKkKe [anbHeHIIero COBEpLIEHCTBOBAHMA U
cosnanus 3(EKTHBHBIX METONOB KOHCTPYMPOBAaHMS MoJeNel 1 anropuTMos
HHTeNNeKTyalu3aluu TpoLeccoB ynpapieHHs IWHaMHYECKHMH 00bEKTAMH B
YCI0BHAX HEOMpPeeneHHOCTH.

CBsi2b TeMbl AHCCEPTALHH ¢ HAYYHO-HCCIEN0BATEILCKHMN paboTamMu
BLICIIEro 00pa30BaTelLHOr0 y4YperkaeHusi, rAe BBINOJHEHA AnccepTanus.
JluccepTalMoHHOe MCCe[OBaHHE BBITIOJIHEHO B paMKaX CIedyloUMX HayuHo-
JICC/IeIOBATENLCKUX MPoekToB TalKeHTCKOro roCyAapCTBEHHOTO TEXHHHECKOro
yHuBepcuTeta no temam: 0.80.02 - «Pa3paboTka M BHEAPEHHE HHTENNCKTYANbHBIX
CHCTEM C [POrpaMMHO-aNropUTMHYECKON MOMIEPKKOH MpPUHATHA  YNpas-
NeHYecKMX ~pelleHuii B 3aJavax aHaiMza M CHHTE3d  MEPapXUHeCkHX
MHOFOYPOBHEBBIX ~CHCTEM  YIpaBJIeHHs ~HCMPEPLIBHBIMH - H - JHCKPETHBIMH
TeXHOIOrHYeCKHMH 00bekTamiy, (2001-2003); 1120.22 - «Pa3paboTka MeTO/10B M
anropuTMOB ABTOMATH3HPOBAHHOTO ~MCCIEJOBAHMA HEPAPXHHUCCKHX  MYIIbTH=
MMKPOTIPOLIECCOPHBIX CHCTEM YNpaBlieHHd TEXHOIOrHYECKHMH 00BEKTAMUY,
(2004-2006); A-14.002 - «Pa3paGoTka WHCTPYMEHTANLHBIX CPEICTB CO3NAHMA
MOIENHPYIONMX, TNpPOTHO3MPYIOWMX M  aJanTHBHBIX ~CHCTEM Ha  OCHOBE
MHTENIEKTYalH3alMH  NPOLECCOB  YNpaBieHHA CIOKHBIMH - IMHAMHUECKHMH
obwektammy, (2006-2008); HWTHO-5-36 - «PaspaboTka HHDOPMAUHOHHO-
aHaNUTHYECKOH WHTe/UIeKTyalbHOH CHCTEMBI MOHHTOPHHTA TEXHOJIOrHYEeCKOH
HezonacHocTH HedTeXHMHYECKHX YCTAHOBOK H KOMIUIEKCOBY (2012-2014); A-5-42
- «ITporpaMMHO-HHCTPYMEHTANIBHBIE CpenacTBa MHTENJeKTYan13aunu
aBTOMAaTH3MPOBAHHOTO  MOHMTOpHHra H  YMpPaBNCHHA — TEXHOJOTHUCCKUMH
00BeKTaMH B YCTIOBHAX anpHOPHOH HEONPEe/ICHHOCTH) (2015-2017).

Henbo ucchegoBaHus sBJIAETCA pazpa60TKa Mozelneil W aliropuTMOB
HHTCJINIEKTyaNnu3alnu npoueccon yﬂpaﬂneHHH OHUHAMHYECKHMH 00BLEKTAMH B
YCIIOBHAX HEOTpeneNneHHOCTH

3agauu HecJIeNOBAHHA!

CHCTEMHEIHi aHan¥3 COBPEMEHHOr0 COCTOSHMA TEOPHM W MPAKTHKH
HCCNeIOBAHNA CHCTeM YMpapefeHHs JHHAaMHYCCKHMH obbeKTaMH B YCIIOBHAX
HEOTPENENeHHOCTH H Pa3MbITOCTH NPOH3BOACTBEHHBIX CUTYaUuii;

pa3paGoTKa MPMHLMIOB M METOLOJNOrMH HHTEIICKYalH3auun npoueccos
yrpaBleHHs  CIOXHBIMM  JHHAMHYECKHMH 0bBEKTAMH B YCIIOBHAX
HeOoIpeIeNIEeHHOCTH,;

CTPYKTYpH3alUMs ‘M aIropuTMH3auud 3alat HHTEJIEKTYalIM3HPOBAHHOTO
MOJEJIHPOBaHHA CHCTEM YrpaBlICHHA IMHAMHYECKHMH 00BeKTaMH,

pazpaGoTka alrOPHTMOB aHanW3a M CHHTE3a aJlaNTHBHBIX HefipO-HeyeTKHX
CHCTEM YNpaB/eH s CIOKHBIMU AHHAMHHECKHMH o0beKTaMH;

pazpaboTka aNropUTMHYECKOH OCHOBbI KOHCTPYHPOBAHHA MOIENHPYIOUMX
ANrOPUTMOB MCCIIEJOBAHNA THHAMHIECKHX 00BEKTOB;

npakTHYecKas anpobauusA  pa3pabOTAaHHBIX MOZeNell M aNrOpPUTMOB
HccleloBaHNA CHCTEM YIpaBleHHs NHHAMHYECKHMH 00BEKTAMH NpPH peLUeHHH
3a/1a4 ABTOMaTH3MPOBAHHOTO YNIPABJIEHHSA TEXHONOTHYIECKHMH TIPOLIECCAMH.
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Ob0bexTOM HCCJIe0BAHMS ABJAOTCSA CHUCTEMBI YnpaslieHus
JHWHaAMHYECKHMH OG'BCK‘I‘E\MH. (h}'HKLlHOHHpY]OlIlP{MH B YCIIOBHAX
HEOTPEACIICHHOCTH H PasMBITOCTH NMPOH3BOACTBEHHBIX CH'I'yaLIHﬁ.

Ipeamer mnccefoBaHHst - NPUHUMNLI M METOMBI HHTEIUIEKTYaNn3alms
NpOLIECCOB YTIpaBJIeHHs OHHAMHYECKHMH obBeKTaMH B YCIOBHSAX
Heonpe/le/IeHHOCTH Ha OCHOBE HelipOHEUeTKHX Mozeneii.

Mertoabl mccnenoBaumii. B aMccepTauMu  MCMONB30OBaHBI  METOMLI
CHCTEMHOTO aHalM3a, TEOPHH HEYETKHX MHOXECTB, MaTeMaTHYECKOro MOIE/H-
POBaHMNs, TEOPHH aBTOMATHYECKOTro yIpaBJlieHHA, TECOpHH HHTEJ’!J’[BKT_YBJ‘H:HOFD
YnpaBleHHA, TEOPHH HCKYCCTBEHHOIrO HHTEJINIEKTA M METOB! ONTHMH3ALHH.

Hay‘l[iﬂﬂ HOBH3HA HCCJICAOBAHHSA 3aKJ1l0OYaeTCs B CJIEOYIOLLEM .

BLIABJICHBI OCHOBHBIE KJIAaCChl pellaeMbIX 3ajad, pa3paboTaHbl MPHHLMMBI
HHTEMNCKTYalM3aldH  TIPOLECCOB  YNPaBlEeHHA NOUHAMHYECKHMH OOBEKTaMH,
(YHKLHOHHPYIOWIHX B YCTIOBHAX HeonpeneneHHOCTH;

pazpaboTaH  Ka4yeCTBEHHO HOBBIl MOOXOA K  CO3NAHHIO  CHCTEM
MHTEJUIEKTyallH3allK  MPOLECCOB  YNpABIEHHs JWHAMHYECKHMMH 0GBEeKTamH,
(GYHKUHOHMPYIOIWMMH B YCIIOBMAX HEONpENENEeHHOCTH | PacnblBYATOCTH
TIpOM3BOACTBEHHBIX CHTYalMH, Ha OCHOBE MHTErpalliH MeTOIOB COBPEMEHHOI
TEOPHH YNPABJIEHHA H HHTEJUIEKTYaNbHBIX TEXHOMOTHIl;

pa3padoTaH KOMIIEKC HHTE/IEKTyalH3MpOBaHHbIX rHOpHIHBIX Mojneneii
CHCTEM YTIpaBJICHHs AMHAMHYECKHMH 0OBeKTaMH, 06Nafalomuii aganTHBHBIMH
CBOMCTBAMH, M TNO3BOJAIOIIHII B OTHAHYHE OT M3BECTHBIX THIIOB Mojenei
Y4HTBIBATE JHHAMHYECKHE 0COOEHHOCTH YIPaBIAeMbIX NPOLIECCOR;

pa3paboTaHbl airOPHTMHYECKHE OCHOBEI KOHCTPYHPOBaHHA MOASIHPYIOLIMX
aJITOPHTMOB  HCCJIENOBaHHA  [HHAMHYECKHX OOBEKTOB, o6ecnedHBaionye
s exTHBHOE pemreHHe 3ajau BbLIGOpA HAWAYYIIMX Momeneil M MPUHATHSA
YIPaBJIEHYECKHUX peLIeHHI;

CO3MaH  MHTENNEeKTYallu3HPOBAHHBIH  pellaTens 3ajad  yNpaBieHHSA
OHHAMHYECKHMM 0OBEKTAMH, COYETAIONIHIT B cefe METOMB! TPaAHLHOHHOI TEOpPHH
ABTOMATHYECKOTO YMpaBICHHS W MPHUHLMILI HHTEIEKTYalbHOTO YIpaBIeHH s, B
YCIOBHAX CTPYKTYPHOH, NapaMeTpH4eCKOi H CHTYaUMOHHOI HeoTpeeeHHOCTei;

pa3paboTaHb! aNropHTMBbI ONpeeeH s HeH3MepsAeMBIX KOOpAMHAT 00BeKTa,
KOppeKUHH napaMeTpOB CHCTEMbI YMpPABNEHMs, @& TAKKE CHHTE3a  CHCTEMEI
YNpaBNeHHA JHHAMHYECKUMH 00BeKTaMH Ha OCHOBE aaNTHBHbIX HeHpo-HeYeTKUX
H TIPOTHO3MPYIOIUX MOJEei.

CO3aHbI anropHTMBI CHHTE3a alanTHBHOM Helpo-HeYyeTKoH
KOMOMHHDOBAHHON  CHCTEMBI  YNpaBleHHs  IMHAMHMYECKMMH obrekTamu,
OCHOBAaHHBIH Ha METONE HMHTEPAKTHBHOI ajanTauuH, NpeNCTABMSIONHI co6oif
KOMOMWHaLMIO anropuTMa HAEHTH(HKALMH M reHeTHYeCKHX aJIFTOPUTMOB, KOTOpBIii
no3gonieT 3(QeKTHMBHO pellaTh 3agayd  yNpaBleHHs I'IpOMLluIIIeHHLIMH
00BEKTAMH B YCIIOBHAX HEOTPEIeIEeHHOCTH.

IIpakTHyeckne Pe3yJbTATLI HECTEN0BAHN 3AKITIOYAIOTCS B ClIeMyIomeEM:

pa3paboTaHsl WHCTpYMEHTaJIBHEIE CpencTBa HHTEJUIEKTYanu3aliu
npougeccoB ynpaBJIEHHA OUHAMHYECKHMH 06’B€KT8MH B BHIOE l'!pOTpElMMHOl"O
KOMILIEKCA, npefHasHa4eHHble 1711 aBTOMATH3alUMH npouecca (pOpMHUPOBAHMUS
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ruGpuaHLIX  Mojeneil  cnaGodopmanu3yeMbiX  MpPOUECcCoB, MONoNHeHHs Oasbl
3HAHMIT M CHHTE3a CHCTEMbI YIIpaBleHHs Ha OCHOBE MOCTABJIEHHOH LEeNH;

co3gaHa CHCTEMa aBTOMaTH3HpOBaHHOTO MOHHTOPHHTa W YTpPaBJICHHUA
TEXHONOTHYECKHMH  MapaMeTpaMM  3/1eKTPOIHEPreTHHeCKHX  00beKkToB
Hed) TEXMMHYECKHX KOMILIEKCOB, MO3B0JIAtolas BEIOMPATE ONTHMAaNbHEIE PEXHMBbI
paboThl TEXHONOrMYECKHX arperaTtoB, YMEHbIIWTb 3JHEPro3aTparbl H MOBBLICHTHL
NMpON3BOANTENILHOCTL 32 CYET COKpalUEHHA yJIE.ﬂbHOFO pacxona l‘ICl'IOJ'IbE'.yeMOﬁ
3HEPTHH, a TAKKE TIPEAOTBPATHTL Pazinylble aBapHAHBIE CHTYaLHH;

pa3pa60'raHHaﬂ ajariTHBHasz HCﬁpO—HC'—[eTKaH CHCTEMA ynpaBnel-mﬂ
0coGeHHO 3(eKTHRHA MPH YNIPABNEHNN COKHBLIMHM HETHHEHHBIMY 00BeKTaMu ¢
napaMeTpHYeCKUMH M HHGOPMALHOHHBIMI HEOTPEAENEHHOCTAMH, ANA KOTOPhIX
CTaHHApTHBIE TOJAXO0/bI CHHTE3a CHCTEMbl aBTOMATHUECKOrO yMpaBleHHA Majo-
3¢ dexTHBHEL.

).IDCTOBBPHOCTI: pe3y.fll:TilTOB HccaeaoBaAHHA. ﬂOCTOBCpHOCTb
pezyiasTaToB HcciegoBaHus 000CHOBbIBaeTCA  [PHMEHEHHEM  TEOPETHHECKH
000CHOBaHHBIX KOHLENUMH HHTENNEKTYalbHOTO YMpaBieHHd JHHAMHYECKUMH
00BEKTaMH Ha OCHOBE TEOPHM HEeYeTKMX MHOMKECTB M JIOTHKH, HelpOHHBIX ceTel,
FeHETHYECKUX  aliTOPHTMOB;  MCIOJNb30BaHHEM arnpoOHpPOBaHHEIX  METOHOB
COBPEMEHHOH TEOpHH YMpPaBNEHHA; MOJy"eHHbIMH PE3y/bTaTaMH TEOPETHHECKHX
H NPHKJIAOHBIX UCCNEI0BAHMH M X B3aMMHOIi COracoBaHHOCTRIO.

Hay4nas w npakTH4eckasi 3HAYHMOCTb Pe3yJbTATOB HCCIAEA0BAHMS.
HayuHas 3HAYMMOCTH pe3yJbTATOBR HCCNENOBaHHA 3aK/IOTAcTCA B pa3paboTke
METOJONOTHH  KOHCTPYHpPOBaHMs  METOMOB, Mmogenel M @IFOPUTMOB
aBTOMATH3MPOBAHHOrO MCC/efOBAHMA CHCTeM YMpaBlneHWs NHHAMHYECKMMH
00BEKTaMH, (PYHKUHOHUPYIOIMMH B YCIIOBHAX HEOMPEALNCHHOCTH H pasMBITOCTH
TNPOM3BONCTBEHHBIX CHTyaumii, mno3ponsiowas 3(QexTHBHO pellaTe 3ajauu
MHTEJUIEKTYalH3allid MPOLECCOB YMpaBieHUs TEXHOIOTHUECKHMH obbeKTaMu
HENpepBIBHO-THCKpeTHOro  xapaktepa. [lpu  3TOM ruOpHIHBIH  XapakTep
NpUMEHAEMBIX B paboTe Helpo-HEUETKHX Moueneil TO3BOJSET Ha eQUHOM
MaTeMaTH4YEeCKO OCHOBE MPOWU3BOJMTE ONHCAHHE, MOOENHpPOBAHHE, CHHTE3 H
(hopMupoBaHue Ga3el 3HAHHKH,

IIpakTHyeckas 3HaYMMOCTh pe3y/bTaTOB paboThl 3aKNIOYACTCs B paspaboTtke
HHCTPYMEHTAJIbHOIO cpeAcTBa  aBTOMATM3HPOBAaHHOIO MOHHUTOpPHHIa M
yhnpaBleHUd OUHAMHYECKMMH oO6bekTamMH B BHIC MporpaMMHBIX KOMIIUIEKCOB,
MO3BOJIAOINE MPOTHO3HPOBATh M AHANH3UPOBaTh pa3/ItHbIE TIPOH3BOACTREHHBIS
CHTYaUMH M BBIOHPaTh ONTHMaJbHBIE YMpaBleHYECKHE pELICHHA B 3amadax
NIPOEKTHPOBAHHA CHCTEM ympaBrieHus. Pa3pabGoTaHHBEIC MOJCIH H anrOpHTMBI
HHTEJJIEKTYaTU3allklH  TNPOLECCOB ynpaBﬂEHHﬁ ﬂ,HHaMH‘IeCKHMH o61=elrrar\m B
YCOBHAX HEONPENENIeHHOCTH MOTYT HaiiTi IMpOoKoe NPUMEHEHHE TpH co3nanun
MHTEJUIEKTYaNbHBIX CHCTEM YIpapjieHus TEXHOJIOrHUECKHMH npolieccamu ¢
HeNpepHIBHBIM H JHCKPETHLIM XapakTepoM MpoH3BOJCTEA. :

Buenpenue Pe3yabTATOB Hcc/ieloBaHNs. PazpaGoTannsie
MIHCTPYMEHTAILHO-IPOTPaMMHEIe CpeficTBA Ha OCHOBC THOpPUIHBIX Mopeneit M
ananTHBHON HEfpOo-HeYeTKol cHcTeMbl YNpaB/ieHHA BHEAPCHEI Ha NpeqNpHATHAX
TAK «Y36ek3Hepro», B ToM uucie, JSCIV «Deutsche Kabel AG Tashkent», OO0
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«Delta Nety, HayHHO-HCCenoBaTenbekoro  uentpa  «Hobuie TEXHOJIOTHH »
(CnpaBka TAK «Y3bekanepro» Pecnybamnku Vabekucran o BHEIIpEHHH 3a
NeIlH-01-21/1953 or 12.05.2016 r). PeayneTtaTsl Hay49HO-HCCJIeIOBATENECKHX
padoT no3BonsioT COKpaTHTL BPEMA MpPOLECCOB 00paGOTKM M ananusa NOTOKOB
HHQOpMaLmu B 1,26 pasa, cHHM3MTE Pacxon 3MeKTPOIHEPrHH Ha 1.15% =
TEXHOJIOTHYECKHUX obbekTax H TeMm CaMblM  NOBBICHTDH B(t)(‘beKTHBHOCTb

NPpOH3BOACTRA.
Anpobauns pe3yabTaToOB MCCAEA0BAHMA. Pesynntars HCCllenoBaHus

H0JI0KEeHBI Ha 47 HayHO-NPaKTH4YECKHX KOH(epeHUMAX, B Tom yucne, Ha 32
MCKAyHaponHelx: «TexHuyeckHe HAyKH M riodanbHbie npobnemsl 21 Bekay
(Tawkent, 2001); «HMunopauma-2003» (Tawkent, 2003); «CoBpemenHsIe
TEXHONIOrHH M ofopynoBaHHe TEKCTHIBHON MPOMBILIIEHHOCTHY (Mocksa, 2003);
«MateMaTuueckne meTomel B TexHHMKe M Texnonorusxy (C.IlerepGypr, 2003);
«MHpOKOMMYHMKaLMOHHbIE N BEIYHCTHTEbHbIC TEXHOJIOTHH B HayKe, TEXHHKe N
obpazoBaHnmy (TawxenT, 2004); «Buenpenne HH(OpMaIHOHHO-
KOMMYHHKaLHOHHBIX TEXHOJNOTHII B TEKCTHIBHYIO U JIETKYIO NPOMEIILNIEHHOCTH Y
(Tawkent, 2005, 2007); World Conference of Intelligent Systems for Industria]
Automation (Tashkent, 2002-2014), «CoBpemenHsle MaTEPHANBl TeXHHKa M
TEXHONIOTHH B MawMHOCTpoeHHH» (AHIWxkan 2012, 2014); «Cospemennsie
TEXHHKA H TEeXHOJIOrMH FOpHO-METAJUTYPTHYECKOH OTpaciH u MYTH WX pa3BHTHA»
(Hasowm, 2013); «MHTerpupoBaHHBIE MOLENH M MSTkMe BEIYHCIIEHHA B
HCkyccTBeHHOM  wuuTennekte» (Komomma, 2013);  «Seventh International
Conference on Soft Computing, Computing with Words and Perceptions in System
Analysis, Decision and Control - ICSCCW-2013», (Izmir, Turkey, 2013);
«Pacrniosnasanue-13y (Kypek, 2013); «Proceedings Eleventh International
Conference on Application of Fuzzy Systems and Soft Computing -ICAFS-2014»
(Paris, France, 2014); «The 11" International Conference on Multimedia
Information Technology and Application —MITA-2015%» (Tamkent, 2015);
«Hayunsle nepcnextuser XXI Beka. JlocTmkenus H MepCrneKkTHEBEl HOBOro
cronetsa» (HosocuGupck, 2015); 1 Ha 12 pecniy6nmkanckux KoH(epeHLHax.

Ony6nnkosannocTh pe3yILTATOB HCCeq0BA NS, ITo Teme nuccepramu
ony0JIMKOBaHEI Beero §8 Hay4HBIX padoT. M3 nux | MOHorpadus, 40 KypHanbHBEIX
crareif, B Tom yucne 6 B HHOCTPAHHEIX, 34 B pecnyGnukaHcKux XKypHanax,
PEKOMEHO0BAaHHEIX  Bplcimeii  aTTeCTALHOHHOI KoMucchelt  PecnyGnuku
VYabekucran mng MyONHKALHH OCHOBHBIX HayYHBIX PE3YNbTaTOB JOKTOPCKHX
Ancceprauuii, a taioxe nonyyeHo 15 cBHOETENbCTE o PerHCTpaunH nporpamm s
OBM.

CrpykTypa m o6mem amccepTaumum. Ctpyktypa muccepraumm coctout H3
BBENICHUA, NATH ryaB, 3aK/IOYEHHA, CIHCKa HCTIONIb30BaHHOA  NTHTepaTypel,
NpHNokeHHH. O6seM AHCCEPTAaLHH COCTaBNAET 198 cTpanmw.
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Ha ochoBe cucremmoro aHa/IN3a yCTaHOBIIEHO, YTO CO3NaHHe Momeneii i
AITOPHTMOB  yNpaBieHHs  AMHAMHYECKHMH O0BEKTAMH  TpH  Hanmuuy
HEONpeneneHHbIX  ($aKkTopoB  HacToNbKO CIIOKRHBI W HETPHUBHMANBHBI  If
KIaCCHYECKMX MEeTONOB Teophu YNpABNEeHHA, YTO NI MX peleHus noTpedyertcs
pa3paboTka HOBBIX M MOIMHKALMA H3BECTHBIX METOIOB C y4eTOM pa3BHTHA
ZIOCTHKEHHUA COBPEMEHHBIX HH(OPMALMOHHEIX TeXHONOr N, 3To cBA3aHO ¢ Tew,
H9TO TPANHLHOHHbIE METOBI HCCNENOBaNMS TAKHX CHCTEM B KNacce aJanTHBHBIX M
pobacTHeIx cHCTeM YTIpaBJIeHHH, CTaJIKHBAKOTCH c TPYOHOCTAMH,
00yCIOBNEHHBIMM CTPYKTYpo#l o0bekTa ynpasnenns u crnocoboM OLeHHBaHHA
BO3NEHCTBHIA.

AHaln3 MeTononorHyeckux aCMEKTOB OLEHKH COCTOSHHS YTpaBieHHA M
MOZIETHPOBAHUA SBNEHMIT U TpoLeccos AHHAMHYECKHX CHCTEM I10Ka3bIBaeT, YTo
BOTIpOCAM  MX  CHCTeMHBIX  WccnenoBanmii B YCIOBHAX HH(OpMALMOHHON
HEOMNpeneneéHHocTH ¢ yyéTom pHu3uKo-xuMHYeckux 3aKOHOMEPHOCTEH M HeYETKHX
NIPHYHHHO-CIIEACTBEHHBIX CBA3eH, He ynensmocs JOJKHOMO  BHHMAaHHS,
CrenosarensHo, MPUMEHEHHE METONOB CHCTEMHOro aHalli3a, MaTeMaTHYecKOro
MOJEJIHpOBaHHs, 06paboTku HHpopMaLuH, YHpaBieHus CITOKHBIMH
AMHAMHYIECKHMI 0OBEKTaMH B yCIOBHAX MH(OPMaLMOHHO# HeompeeNnéHHOCTH,
OCTaETCst OHOM M3 BakHeHIIHX 3allad, peuleHHe KOTOpoii GyaeT cnocoGCTBOBATH
TOBLICHUIO 3¢hheKTHBHOCTH NpousBoaCTS.

AHanmuz  Mmeromom thopmansnoro NpENCTaBNEHHs, MOIENHPOBAHUA H
HCCIIENIOBAHHUA OMHAMHUKH CHCTeM YNpaBeHHs, (YHKUHOHHDYIOMMX B YCIOBHAX
HEONpeNeNneHHOCTH, BNMAIOIINX Ha PEKHMEI paboTbl CHCTEMBI, MOKA3BIBAET, YTO
Haubonee anekpaTHbIMHK 3allayaMH ABNAETCH NPHMEHeHMe THOPHIHBIX METOJIOB,
BKIIIOYAKOIIHX, Kak TEOPHIO HeEYeTKOoit JIOTHKH, TaKk W MeToHbl TEOPHH
aBTOMAaTHYECKOro  yrpaBleHHs, KOTOpkle  siBJIANOTCA Gas3oBoif OCHOBOH  JiA
HHTENNCKTyanu3alum npoueccos YNPaBIEHHA NHHAMHYECKHMH 06LEKTAMH.

Ocoboe mecto B NepBoii raBe 3aHHMaer CTPYKTypa MeTOMOJOrHYECKHX
3TalloB M  HanpasneHHii AMCcepTaunonHoro mccnenoanns (puc.l). 3meck
NPENCTaBNCHBl  KOHLENUHH HCCNIENOBAHHA B  yYacTy HHTEJUJIEKTYaNH3a1HH
rpoueccos yrpaBneHHs CITOKHBIMH JHHAMHYECKHMH obBeKTaMHy,
TpelycMaTpuBaloLie HCnoNb30BaHKe THOPUIHBIX HH(OPMALHOHHBIX TEXHOMOTHI
Ha OCHOBe HHTerpauuu 6asel OAaHHBIX ¢ 3HaHHUI, BKNOYAaKIWIHE METOObI
HHTEJIEKTYaNH3HPOBaHHOTO YIpaBieHHs.

B npemnaraemoii METON0JIOTHH 0c0G0e BHHMaHMe yieleHo paspaboTke
rHOPHAHBIX HHTENNEKTyalbHLIX Momeneii 4BTOMATH3HPOBAHHOIO pelIaTeNd 3anay
YTIPABIIEHUA MHHAMHYeCKHMM obBeKTaMH, cpyﬂmuonupyfomﬂx B YCIIOBHAX
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TMpeaversas JluHastueckuii oObexT
aBmicTs (Y HKLItOHUPY FOLLLET B
VCIO0BHAX HCOMPCACICHHOCTH

Pacumpesine anropuTMIeckus i

TIpoGacaa PABHTHC HHTCINCKTYAIbHBIX

B0\ 0K HOCTCH CHCTCMBI Y IPABICHIS
ZIMHAMIMCCKHMH OOBCKTaMH

Tubpuansic
HH(}JOPMAUHOHHBIC
TCXHOTOTHH

Koxue s

[MpsHLETE
—*| HHTCICKTY 2 THIHPOBAHHOTO |4
\ VIIPABJICHHSA

3 ¥ ¥
T'ubpuausie Moaenn Heiipo-HeueTkas Moaens -
MOHHTOPHHIA H OCHOBA

Moaemu u

MCTOIBI oy
HHTCJUICKTY al1bHOrO HHTCIIJICKTY JTH3ALHH

VNPaBICHHA NPOLECCOB YNPABACHHA

Meroast ANTOPHTMBL

# HHTCIpauHH HHTC/UICKTY AMH3ALUHH [
BA n B3 NPOLCCEA ¥ MPABICHHA

MeToas! MeToan peamssanmn

» aHamizan NpPOLECCa MOHHTOPHHIA [
cunreza HCY H YNpABICHIA

Cubpiansie

CHTyaUHOHHbIE MOJICTH
smoaean HP3Y

(y HKLHOHHPOBAHHS
obwexTa

X

A

Heiipo-neuetan
ANANTHBHAA CHCTEMA
C MPOrHO3HpYoLeii

MOICIBHY

MeToas H MOACTH

A

HH(OpMALHOHHOTO
obecnieycrma HCY

TporHo3upy romue
MOJIEH

Puc. 1. Merogonorn4eckne acneKThl H HANPABJICHHE
QHCCEPTALNOHHOIO HCCIEA0BAHNS



Bo  BTopoii rnase Ancceptaunn  «Konuenuun u MeTOoJ010rHs
MHTE/UICKTYaIH3aUHH ABTOMATHINPOBAHHOTO YOpaB/leHHs1 AHHAMHYeCKHMH
Oﬁ'bCKTaM]I)) MPHUBENEHBI paBpaGDTaHHL]E MoOenu JOHHAMHYECKHX HpOLlCCCOB,
ABJIAIOLIHECH OLHOH M3 CaMBIX BaykKHbIX M TPYROEMKHX 3a0ad, pemaemprx npu
paspaboTke cHcTeM ynpasnenns u TIPHHATHA PeIleHHit 1o ynpaBieHHio.

OCHOBHBIM MOMeHTOM Npi pa3paboTke cHcTeM ynpasnenus npoueccom,
ABJIACTCA CO3NaHHE BBICOKOI(heKkTHBHLIX METON0B 00padoTkn uHdopmauun u
BBIPAaOOTKH  ympaBnsiomux BoijgeHcTBHil.  Pemenwe  3toif npobnemer
HETIOCPENCTRBEHHO CBA3aHO C p&3p660TKOﬁ MaTeMaTHYeCKHX MOJICJIBﬁ, KOTOpbIe
OTPaXaloT cneUH(pHKY CIOKHBIX YCIOBML QYHKUHOHHpPOBaHHs CHCTEMEI, TakHe,
KaK HEONpeneNeHHOCThL H H3MeHeHHe NAPAKTEPHCTHK BHELUHeH Cpenpl, nosBieHme
AHOMANIBHBIX CHTYauMH, OTKa30B HCTOYHHKOB HHpOPMaLMK, KaHasOB CBS3H,
YCTPOHCTB, peanusyromux dopMipopanue YNpaBlAIHX BO3AEHCTBHIA, a Taioke
BIIMAAHHE BO3MYLLEHHIT H NoMex. L

Cnoxuocts pemenns nanmoii NpodneMbl 3HauHTENBEHO OCJIOKHSETCH B
CBASH C TeM, YTO TOMHMO 4HCTO KOHUENTYaNbHBIX 3ala4 M  pemenus
obuiecHcTeMHBIX BOMpOCOB, Heobxomumo pemats 3ajaun  dopmanuzanun
NPEACTABNEHHA  CTPYKTYp  Mozeneil, anammsa alNeKBAaTHOCTH  MoJeneii,
¢$opMupoBanne Ganka AHANHTHKO-TEXHOJIOMHYECKHX BbIGOpOK,  BEIABJIEHHS
NPHYHHHO CIIEACTBEHHBIX CBA3el, paspaboTku dopm npencrasnenus 3HaHHH o
COOBITHAX, NeHCTBHAX 1 npouenypax.

Hcnonesosanne HHTEJUIEKTYalbHOTrO MOAXO4a M03BOJISET OCYIIECTRIIATE
addexTuBHOE YOpaBneHHe CIOXKHBIMH OOLEKTAMHU NpH  HalMYHH  pasNHYHEIX
BHIOB HeonpeneneHHoCTell B Momensx, KOrlla Mozenu W mpouemypsl BeiGopa
YNpaBNAOMMX pelIeHHii onpeneneHs! PAcmibIBYaTo, a WHOTOA 3a4aHBl JIMIIB Ha
Ka4yecTBEHHOM YpOBHe.

B obwem cnyuae AMHAMHKY CHCTEM YMNpaBlEHHS MOIKHO MpeJCTaBUTE
YPaBHEHHEM COCTOSHMSA:

Xpa1 = Fx,u, ) k=0,N |
x e X,u,eU,
rae X - nmpoctpancTeo CoCTosIHHI, U- MHOMecTBO JONTYCTHMBIX ynpaBleHHii, F -
TMEpexXonHas (yHKUMS COCTOAHHSA, B 06IIeM ClTy4dae HelHHeliHas
F:XxU->X,

Henonnocteio ONpEAETIEHHBIE MPOLIECCHI MOYKHO MOJIEHPOBaTh C MOMOLIBIO
| anmapata  HeyeTkux MHOXECTB. Torja QOHHAMMKA CHCTEMEI YIpaelneHus
OMHCBIBAETCSA HEYETKUM OTHOILIEHHEM

F:XxUx X -[0,1],
TpeAcTaBnsouM coboli HeyeTkoe MOAMHOKECTBO AEKapTOBa NpOM3BEnSHHA
XxUxX. . ; .

Ans muHamMuyeckux  cucren ¢ PA3NINYHBIMH BHIAMH HeOlpenelleHHOCTE

fepexoaHasn yHKUHA MOXKET GhITh 3amucana g CllefyloleM BHe

F:XxU-> XP,
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rie XP - MHOXkecTBO pacnipejelieHuil BepoaTHocTw Ha X. [lna  yuera
HeonpeseieHHOCTEll B MOIe/b  BBOOMTCA  CAyYaiHble  BENMYMHBL  HIH
KO3 (pHUMEHTEI.

MdopmanuzauMs  pacCMaTpHBaeMoro  knacca  3agaiy  MOKET  ObITh
€CTEeCTBeHHEIM 00pa3oM OCyLIeCTBIeHa C HCMO/Ib30BAHHEM MaTEMaTHYECKOro
A3blka TrHOpPHIAHBIX Mozeneil, KOTOpad MOweT OblTb MpENCTAaBlIE€HAa B BHIE
CNenyouuX ypaBHEHHH:

x(k+1)= d)k[m(k), y(k),m(k+1),y(k+1), z:(k)]v x(k)+

+ I [m(k), y(k),m(k + 1),y (k +1), u(k)]- w(k);

2(k+1)= H, [m(k +1),7(k + D]+ G, ,[m(k + 1),y (k + D] v(k),

rae x(k) — pacIUMpeHHBIi BeKTOpP COCTOAHMA 0600IeHHOro 00bexTa yrpasieH s
M Monenu okpyamwoweil cpembl; #(k) — BEKTOp yNpaBndiOWMX BO3NEHCTBHIA:
z(k +1) — BexTop mocTynHbIX HaOmonenui; w(k) u v(k) — HekoppenupoBaHHbIE
Mexkny coboii mocrenoBaTeNbHOCTH BEKTOPOB; (IJ‘,[-], r Jk[], Hm[‘] n Gk“[-] -
MaTpuyHble YHKLMH COOTBETCTBYIOLINX Pa3MEpPHOCTEH.

OcHOBOH MOENHPYIOIIHX CHCTEM SABNAETCA HepapXHyecKoe OMHCcaHHe
IOMHAMHKM MCClleflyeMOoil CHMCTEMBbl, TpEACTaBseMoe ceMeliCTBOM Mojened,
Ka)k[as M3 KOTOPBIX OMHCHLIBAET MOBEJEHMA NWHAMWYECKOH CHCTEMBI C TOYKH
3peHHsl pa3IHuHbBIX ypoBHeH abcTparupoBaHus.

IlpuMeHUTENBHO K pellaeMbIM 3alavaM MpeajaraeTcs BHIIENHTE IBa
HanpasieHus HepapXHuecKnX MoZenek:

- Mepapxus MO BepTHKaNH, B KOTODOH 1eNeHHE Mojelnel M0 ypOBHAM
OCYIIECTBAAETCS 10 CTPYKTYpHO-QYHKUHOHANBHBIM 0c0OCHHOCTAM CHCTEMBI;

- Mepapxus TO rOPH3OHTANH, B KOTOPOH JENEHHE MOAENEH MO0 YPOBHAM
OCYLUECTBJsAEeTCA B 3aBUCUMOCTH OT METOZIOB HCCJIEI0BAHMA.

B mepapXxuu Mo BepTHKa/H BLIAENEHbI TPH YPOBHA MOJENE:

- ypoBeHs 6a30BBIX MOZIENIEH, cofepiKallMii NpocTene MoOeNnH;

- ypoBeHs JIOKanbHEIX — Mozelned,  oToGpaxkalomuX — CTPYKTypHO-
dyHKUMOHANBHBIE — CBOWCTBA (YHKUMOHANBHO  3aKOHYEHHBIX  YCTPOICTB,
OPHEHTHPOBAHHBIX Ha pelleHHe HYaCTHBIX 3a1ay;

- ypoBeHb r/00anbHBIX MOZENeH, OTOOpakaloWHX OpraHH3aUHOHHEIE
OCOBEHHOCTH CHCTEM M MpeACTaBIAOMUX coboif MOJEeNnH ¢ BBICOKOH CTENeHBIO
JleTann3aLHui.

Mepapxus No TOPHIOHTANM BKIIOYACT 4eTblpe YPOBHS Mofeneil B
3aBHCHMMOCTH OT METOJOB HX HCCNIEN0BaHHA:

- MojenH, TO3BOJIIONMME TONYYHTE PE3yNbTaTHl pacdyeTa NpPOIECCOB Ha
OCHOBE aHAJIMTHYECKOTO MOJETHPOBAHHSL;

- Mopjend, OTODpakalol(He JHMCKPETHBIl XapakTep MpOLECCOB H
npencTaBUMBbIe noruko-audepeHIHANBEHLIM YPaBHEHHEM;

- mopenu, oToDpaxkaloMe CTPYKTYPHOE CONpsykeHHe MaTeMaTHYeCKHX
CXeM MpolleccoB Ha OCHOBE HeHpOCETEBBIX ATOPHTMOR;

- MoesH, MO3BOJAIONIHE ONTHMH3HDOBATE W MPOTHO3MPOBATH COCTOSHHE
CHCTEMBl HAa OCHOBE METOJIOE MCKYCCTBEHHOTO HHTEJIIEKTa.



Dopmankho KOHCTpyHpoBaHHe Moneneii AMHAMHYECKHX 00BEKTOR MojkeT
OBITE MpelcTaBnieHo B crenyiomem BUIIE:
M=<LP, @ X, Y, Q>
roe [ — Mﬂemmbnkamp Monenu; P= P (X1,X3,...,x,) - OIHOMECTHBIF npeaukar,
OTIpeLeNneHH I Ha MHOYXecTRe X.CMmeich atoro TIPENNKATa COCTOMT B (hopManbHoM
OTpPeNeNneHnn BO3MOIKHOCTH NCMOJIL30BaHUA [AHHOI] Monenu; @ ;X sy
XUY=2) - OTOOpaKeHHA, ONUCHIBAIOMHE HEKOTOpYIO0 COBOKYNHOCTH CBOJiCTE

MONENHpylowero  anroputva: Y= {x XynX,} - BXONHBIE nepemeHHble
BEMUCIHTENLHON — Momenu; V= {m, Vases¥u}=  BBIXOHHBIE nepeMeHHEIe
BRINMCINTENLHON Monenn; Z={zi,zz,...,z"}- COBOKYMHOCTE MEPeMEHHBIX; ()-

obnacTs npumenenus MOLeNH, KOTopas 3ajaeTcs napoii o6nacTH onpenenenus X u
3HAveHn ¥, Te. Q={X, v}

B npouecce paGOTbI C MOaensaMu h[or'yT BCTpe‘{aTbCH BXOOHLIe NEpEMeEHHBIE
ABYX THUNOB: onpeneneHHble  HeonpemenenHne. B COOTBETCTBHH C 3Tum
MHOXecTBa X 6yﬂeM AEJINTh Ha ABa HEIEepeceKalomuxcs NoAMHOMKecTBRa /YH H (YO,

T.e.
XUX=xx'N x0= )

OnemeHTs MHOKecTBa X MOTYT GBITE OnpeseneHs! ¢ BReneHeM TOrO MK
MHOTO  OTHOLIEHMA MekIy onpemeNneHHIMH nepemenHbIME X°. Takas cpgas
MPHBOLNT K 0Bpa3zoBaHMio Gollee COKHEIX MHOTOYPOBHEBBIX BEIYHC/IHTENBHEIX
Mozeneli unu uHave, Mopens M, umeromas B kauectne BeIXOna BekTOp Y M
HeONpeneneHHsle BekTopa nepemeHHbIX X7 MoxeT GriTh NpencrasieHa B Bune
COBOKYITHOCTH Nu=N;UN, Monenei-oTobpaxkeHnit co CKAIIAPHEIMHU BeKTOpamu Y,
eY. k=12..N,.

Hcnonesyemesre NOAMOLENH,  ABNAIOLIMECS  GloKaMu pasnH4YHoIi
Pa3MEpHOCTH, Takke MOTYT GbITh NpencTaBleHsl B BHIE:

m; =</ Pj,ﬁ,).’;,y;, Q>,

Torna komMmonenTE! HMcxOTHOI MONEH OMHCHIBAIOTCA Yepe3 KOMMOHEHTEI
SNIEMEHTaPHBIX Moziereil cremyromum obpazom:

M={m}, ®=(1}, ie[1,¥,,]
(vx)P(X)H [F;(Xi)/\ ‘P:’_(XE)A A PMrr(XNm)]

N, N,
X=[JX; Y= UY I/ x
i=]

i=l
Ny
Z=UZ; Q;=PZ(Q):i=12,.,N,
i=1

P.Z; (Q)~ TPOCKIHA MHOXeCTBA () Ha THIEPIIOCKOCTS, KOOpAMHATaMH KOTOpOii

ABJIAIOTCA KOMIIOHEHTEI BeKTOpa Z;.

Takne ¢opmer npencraenenns BEMHCITHTENBHEIX Moneneli Mo3BomsioT
0600uIHTD TIPOLCAYpEI,  CBA3aHHbIE C  (hOpMHpPOBAHHEM MOJENHPYIOIHX
@ITOPHTMOB H NPEACTABHTH MX Kak (opManbHble 3ala4H, pemaeMele Ha Gase 3THX
MOJEeJIeH.

Takum o6pasom, moxHo TIOCTPOUTEL MOJEJH PA3NHYHBIX TEXHOJIOTMYECKHX
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NpPOLECCOB, MPOTEKAIOWNX Ha OMHAMHYECKOM YpOoBHE ynpasnexus. Iloaxon
NocTpoeHusi Mofesieil Takke MPUMEHHM JUlsi HECTAUMOHAPHBIX 00BEKTOB, TIE
napaMeTpbl 06BEKTa M3MEHAIOTCA BO BpeMeHn. [1peulokeHHbI crnocod asnseTcs
OCHOBO# Ui OpMHUpPOBaHis MoAeNel KaK MporHo3MPYOMHX, TaK W aAanTHBHAIX
cHcTeM € MIEHTH(UKATOpOM.

B Tperbeil rnase nucceprauud «Pa3paboTka HHTe/IEKTYalbHOrO
pemaTensi 3aJa4  yNpaBIeHHs AMHAMHYECKHMH 00beKTamMu» Ha OCHOBE

paspaboTaHHOMN METOAMKH KOHCTpYHpOBaHHS Mmoneneit OUHAMMKH
(hYHKLMOHUPOBAHUA 00BEKTOB, (YHKLHOHHPYHOMHX B YCIOBHAX
HeonpeneneHHOCTH, paccMOTpeHbI BOMPOCHI cozJlaHHs

MHTENNEKTyalH3HPOBaHHOTO peluaTens 3a1a4 aBTOMATH3HPOBAHHOTO YNpaB/ieHHs
nMHaMH4YeckMMH obbekTamu. [lpemnoxkeHa o0oOIeHHas anropuTMHuYeCKas
CTPYKTYpa HHTEJIEKTYalu3MpOBaHHOH CHCTEMbl YNpaBNEHHA IMHAMHYECKUMH
00BEKTAMM, B COCTAB KOTOPBLIX BXOJMT [HHAMHYECKMil pewareib 3adad,
npenHazHaYeHHBI 1A BbIBOAA PELICHHH HA OCHOBE MPOAYKUHOHHBIX MPaBHIIL.
PaspaGoTaHbl ~ aNropuTMbl  @dalTHBHOTO  MPOTHO3WPOBAHMA,  ONpEC/CHHA
HEH3MEpAEMBIX KOODAMHAT CHMCTEMbl W KOPPEKUHA TapaMeTpoB CHCTEMBI
yTIpaBJieH s, ABIAIOLIMECH OCHOBOH IMHAMHYECKOrO peluaTeia 3aj1a4 yrpaBieHus
TeXHOJIOTHYECKMMH  00bekTaMH, (YHKUHOHMpYIOWIMX B  HEOMpeleleHHbIX
YCJIOBHAX.

CTpyKTypa HMHTE/IeKTyalM3MPOBaHHOH CHCTEMBI yrIpaBJeHHA (puc.2), Ha-
pALy C HOBBIMH, CONEP/KHT TPaJMLMOHHBIC 3MEMEHTBI M CBA3M, LEHTpalbHOE
MECTO B Heil 3aHMMaeT AMHAMMUYECKHH pelaTenk 3afa4.

Tx Mx S —2=CxT,
CxTx XxS—1>RxT;

Tx X ={AxT}Xx T +{BxTUxT;
Tx Y ={DxT}XxT;

Tx RxY —2>CxT

rae T - MHOXKECTBO MOMeHTOB BpeMeHH; X5, M, C,R u ¥ - MHOKecTBa COCTOSIHHH
CHCTEMBl, OKpYKaiolleii cpeibl, MOTHBAlLMHW, LEMH, TNPOrHO3HPYEMOro H
peaNbHOro pesynbTata, A, B u D - MaTpuupl napaMeTpoB; a,, i=14 -
HHTEJIEKTyanbHBIE OMNepaTopbl npeobpazoBaHHs, HCTIONE3YIOLIHE 3HAHHS.

JlMHaMMYeckHil ~ pellaTenb  3aaiy  e€CTh  HEKOTOpOe  KOMIUIEKCHOe
obpa3oBaHHe, crnoco0HOE OLIEHHBATh COCTOSIHHE CHCTEMBI M Cpefibl, COMOCTABNATh
MapaMeTphl JKEJacMOro M PEalbHOro  pesynbTaToB OeiicTBHA, TNPHHHUMATD
pelleHHe W BEIpabaTeIBaTh YIpPABICHHE, CMocoOCTByIOIEE JOCTHKEHHIO LIENH.
Hna sToro OMHAMHYECKHil pellaTellb 3a7ay ynpaenenus nojxkeH obnamaTeb
JamacoM 3HAHHWIl M pacrojiaraTe METOAAaMH pelleHHus 3ajady. Baﬂcuoﬁ dyHkuueit
mmamn'qecxoro pewiateia 3aday ynpaeleHHa sAenserca  dopManH3auus
coctosums BJL u B3.

IuGpuaHble  MOIENH,  ABMAIOMHECT  MaTeMaTHYeckoH  OCHOBOH
nHTennexTyannauponaHl-mﬁ CHCTEMBI yrpaBeHHs, peanusyoune
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MOIOKHTENIBHBIE CBOMCTBA HENPOHHBIX ceTeli u HEYETKOH NOrMKH nokasany
BBICOKYHO 3()(heKTHBHOCTS HEHpPO-HEUETKHX cCHCTeM YIpaBneHHs.

Buemnsas cpena
U
O6BeKT ynpasaeHHs
x = Fy(x.u. /)

u=u_+u,

HcnonuurensHas cucremMa

11 11

BrerHcmATENEHAS CHCTEMA I

Hamepurens-
Has cUcTeMa

="Fy(x% 1)

Crab OcHOBHO#M
TROMIPRRLY 3aKOH .
1o ST YTIpaBiAeHHSA L Hiaentudmxaums ,
u"=F;('v) u:l=F:f(y) ll
o) | 1 mw :
= - - : Jo Mo.ae'n obrekTa
HHaTennexryansHas cucTeMa Aam— Fy (u, f)
aBTOMATHYECKOIO CHHTE3a 7 !
(H-pewarens 3anay TAY) L Je | Monen cpenst
L Fg (1)
] HcnonuurenbHas moacucreMa I JH
e Llens ynpasnenus
l Pemaromas noacucrema I o r 6.0
, Basa spauuii J Ly Perymmpyemele nepeMeHHEIe
L 8 = Fy,(x)

Puc. 2. CTpyKTypa NHTe/UIEKTY A IN3HPOBAHHOI CHCTEMBI
ynpasJjieHUs JHHAMHYECKIMI 00beKTaAMH

DneMeHTHI HHTEIUIEKTYaIH3HPOBaHHOii CHCTEMEI yIpaeneHHus
AMHaMHYEeCKHMH 06BEKTaMH ONMCBIBAIOTCA HEUETKHMH adaNTHBHEIMH MOIENSMH,
ABJIAIOUIMMHCS  Pa3sHOBHIHOCTBIO MHOTOC/IONHON HeHpOHHOH CeTH, CTpYKTypa
KOTOpo#i hopMHpyeTCs Ha OCHOBAHHH AHAN3a TEXHOIOTHYECKHX MEPEMEHHBIX H
XapakTepa CBA3eH MexIy HHMH C BO3MOKHOCTBIO HACTPOHKH Ha MeHSIOLHecs
Ycnosusa npou3BoAcTBa. J[1a noscHeHus paGoThl AMHAMHYECKOTO pemuaTend 3agaq
YNpaBneHHsa pacCMOTPHM INpoLecc cTaOHIN3alHH BBIXOOHOH INepeMeHHoH y(i+1)
DUHAMHYeCKOro 00beKTa, OMHCHIBAEMOr0 HeJIHHEHHBIM Pa3HOCTHEIM YpaBHEHHEM

YA +1)= @)y (i = 1), %), .. M)
X(i = 8),u(i),.oou(i = q)),



rae i=0,12,. N- Tekymee muckpetHoe Bpems; V(i)- BBLIXOAHOI CHrHaI,
x(i)=(x,(i),__,,}:(;‘))_ BEKTOP BO3IMYLIAIOWMX BO3AeHCTBHMM; u(/)- yrNpaBieHHe;
S Y = ), X (D), .., x (i = 5),u(0),...;uti — @) - HeKoTOopas HenuHeiiHas
(hyHKLMA, MMEIOIIas H3BecTHBIE TIOPAIKH 7,54 .

Bxonurle KOoopaHHaThl oObekTa OrpaHH4YeHbl B noboid MOMEHT BpPEMEHH,
T.E.:

um'“ < u(z) < Hma.\c,
—min

<x()<x,i=1,N.

Hns onucaHus guHAMHMYECKOrOo Tpouecca HCTONb3yeTcs HevdeTkad MOofelb
CynKeHo, npencTasneHHas COBOKYIHOCTBIO MPaBHIL

. 0
. ecnu x,, (7)) ects Xy, -
; 0 s 6
X, (0) ecTh Xiya,s Xy, (7)) €CTB X, @
. 6 o : 6 .
10 8 (1) =bey +- B 5 (D o+ b0, (),
8 =1,n,
C HeYeTKMMH MHOKeCTBaMH X{.’l,l =1,m W JuHeHHOoll 3aBHCHMOCTBIO
- = . . . gpi
ceasbiBalolet Bxons! X, (i) = (x4 (1), X2 (1), Xy, (D)) 1 BBIXOR 20 (7) .
OCHOEHOIT XapaKTepHCTHKOH, 3alalolieil HeueTKoe MHOKEeCTBO X, ABNACTCH
(yHKUMA NpUHAIIEeKHOCTH Xi(X,), KOTOpas uMeeT BUJ CUIMOHIBL:

X, (%)= +exp(dy (x, +di,))) "

Mexannsm onpenenenust BbIXOHA u (/) 1O HEYETKOH MOIENTH (2) npu

3allaHUM  BXOJOB xf, ()B  MOMEHT  BpEMEHH i=12,...,N, ¢yaxuui

npuHamexkHoctn X5 (x, (1)) u xoapduumenTon A R Lnl=1m,
JNUHEHHBIX YpaBHEHHH:

ul (i) = by + b2, x, (D) + .o+ BE, x4, (D),

— (3)
8=1n,
MO>KHO TNpeICTaBUTh B BHIE HEUETKOH NATHCI0iHONH HeHpOHHOH CeTH.
B nepBoM crnoe BBIYHCIAIOTCA CTeneH! TIpHHAIEKHOCTH

6 0 (- ] P
X (D), X, (xp (D)) m051 TOTO B-ro mpaBmnia, a Bo BTOPOM CIIOE 3HAaYeHMA
MCTHHHOCTH TOCBIJIOK w! MyTeM anreGpaHueckoro yMHOKeHHU:
0 _ o Ay 10 : 0 ;
Wi = X (0 (D) X2 (X2 (D) X, (4 (D) -
B TpeTeeM cloe OMpeNeNsioTCs OTHOCHTENbHBIE HOPMaM30BaHHEIC
3HAYEHHsA UCTHHHOCTH TOCBIJIOK;

a ;-
6 — w (1)
Y wh(i) + W2 () + ..+ W ()

B uyeTBepTOM CJOE 3HAYEeHHA B7 (i) yMHOXal0TcA Ha 3HAYEHMs BBHIXOAA
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YO=Flu@0)+ Y ag-y,(0)lie N
Ke.J,
Ecin cucrema onmcripaercs ypaBHeHueM (6), To Beca caszeil o,
HacTpauBaeTcs o cenyomemy NpaBHIy:

- 5 Yok y ' N oFE
Ay = F;IXK[xﬁ'.l’K]- 5 Zab' as—y- F;;:K[J‘n.m’]' Youxk " 5 ?
Yeoxk  Jse D Vexk

rae y >0 - xoapduumenr, OMpenenAlommil CKOPOCTe 0GYUeHN; E;‘.K[x,‘x,{] -
NponsBoaHas Mpewe; £ — hyHKuus noTeps (omnbka) ke K.

Ilpu ycnosuu, yto YpaBHeHHe (6) MMeeT eIMHCTBEeHHOe pemenne ons «.
rae dyHkuHs norepe £ (v, .., yo uy, .., u,) OYHNEeT MOHOTOHHO yOBIBaTE BO
BpeMenu u Gynet ynoneTsopsaTses clenyloulee paBeHCTRO;

ag = —}’-é‘i,ke K
dat g

Ilpu Takom monxome HeHpoceTs MoxkeT ObITh pa3noikeHa Ha COCTaBHble
2JIEMEHTBI, NPEACTaBIAEMEIE Kak 3JIeMeHTapHas HelipoceTs.

Maremarnuecku HefipoceTeBo# anroput™ 00y4eHus npencTaBuM B BHIE:

Pn = Z D Fpppeg
se Dn
r, =0o(pn),
TAe: n — HHAEKC HeMpoHa; s — HHekca cunanca; Dn — naGop BXOIHBIX CHHAMNCOEB
HeHpoHa n; pres u post — NpecHHaNTHYeCKHH M MOCTCHHANTHYeCKuii He#poH,
COOTBETCTBYIOIMI CHHAIICY S; @, - BEC CHHANCa §; ph — MeMOpaHHEIH NOTeHIHAN
HelpoHa n; r,, — yactoTa BO3DYkaeHus HelipoHa n; o - GbyHkunA akTHBaUMK THNA
CHI'MOMJ, KOTOpas NpeacTaBIAeTCA BHe
i

Ilpu 3ToM Bec cunancos onipenensercs no gopMyine:

@s = rpres (‘ppmr.sc (-Pposrs) +y- fposr.;)i

.
rae ¢, = Z&)S'G); s

Se 4,
rae: y — K03 PHLUMEHT HemocpeacTreHH O 00paTHOIi cBA3M JUIa Beex HEHpOHOB, ¢,
— CHTHAT HENOCPENCTBEHHOI 00paTHOI GmGku,

Takum obpasom, o6bennHenne TOJIOKHTENTEHEIX CBOHCTB HEfipOHHEIX ceTeit
W HEUCTKHMX MoneneH nossonser sddextusno PelaTh 3ala4YH  YNpaBJIcHHSA
CIOAHBIMH THHAMMYECKHMH 00BEKTaMH B yCIIOBHAX HEOTpeaeNIeHHOCTH.

B  ueTBepToii rnase AUCCEPTALIMH  KAJITOPHTMHYeCKHMIl  cHHTe3
HHTE/UICKTYAILHOH CHCTEMBI  YNDABAEHHS AHHAMHYECKHMI" obLeKTaMH»
chopMynHpoBaHsl MPHHLHMNEI TIOCTPOCHHA HHTEJUIEKTYaIH3HPOBAHHON CHCTEME
YTpaBlI€HUA ~ MEpapXMYECKH  OpPraHM30BaHHBIX  JHHAMHYECKHX 00BeKTOB,
(YHKUMOHHDYIOIHUX B YCIOBHAX anpHOPHOH HeonpeneeHHOCTH HH(OpMaLHH.
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B MHOroypoBHEBBIX HEpapXHYeCKHX CHCTEMAX BayKHbIM BOMPOCOM ABMAETCH
peleHne 3ajla4yd KOOpIMHAUWK padoThl MOJCHCTEM, €Cllit B CHCTEMe HMeeTcs
HEOTIPENIENIEHHOCTh, TO 3aJla4ya NPHHATHS pellleHHs 3HAUUTENBHO YCI0KHARTC .

B nwuccepraumonnoii paboTe a1 KOOpPOWHALMKM YPOBHEH YrpaBneHus
NpeanaraeTcs HCCNenoBaTh BONPOCH ONMTHMH3ALUMH OBYXYPOBHEBOH CHCTEMBI M
NpUHHMAaTE 3TY 3a1a4y Kak OCHOBHO Moaynb Ans moboii N-ypoBHEBOIl cHCTeMbl,
npHyYeM [ pelleHys 3ada4vd Ha (/ -1)-M ypoBHE CYHMTAeTCA 3alaHHBIM pe3ynbTaT
ONTHMH3AUMK Ha ypoBHe {. Minu, ecnu 3anucate X, B BHIOE:

xy =%} i=LN, j=1M,

roe M = N, - 4YACIO MOACHCTEM Ha i-M YPOBHE YMNpaBlIEHHA, TO NpeanoliaracTcs,

YTO NpPH HAXOXKACHHH PeleHHit X,y j=1,m,_,, Bce pewenus x;’, J=Lm,, yxe
MPHHATEI,

B 3TOoM clyyae OMHAMHMKa NOKalbHOTO YPOBHS YNpPABNEHHA MOXET GblTh
NpejcTaBjieHa B BUIE:

® HEYETKOE YpaBHEHHE COCTOAHHA
dx/dt=A® x® B®u, yg(s),
e HeYeTKOe YpaBHeHHe HabmooeHHus
y=C®x,
® HeyeTKHE HayanbHblE YCNOBHA
%(0)=D:. %,(0)=D2,....x.(0)= D,

roe ®,@® - HeuyeTkHe onmepaluly COOTBETCTBEHHO CIIOMKEHHA M YMHOKEHHs; U —
YOpaBAAIOIIMA  cHrHan  (ckanap), TMNpPHHUMAIOIHWIT HeYeTKHe  3HaAueHH:;
x= ;|,;g,...,;.-,...,;,, - BEKTOp HEYETKOIo COCTOAHMA, =12 ..,m

y ={y1,y2,...,yg,...,yf} - BEKTOp HEYETKHX BBIXOOHBIX MepeMeHHbIX, ¢=1,2,...,/;
5(s) - nokazarens He4eTKOro (M3MEHAIOLIEroCs) YHC/Ia NepeMEHHBIX COCTOAHHA U
NpeJICTaBNIAIOMMHA BEC §-T0 YPaBHEHHs COCTOAHMS;

=] -1 =] =

AI An] B -l C] C"_I
P [ e (1 (| [ - MaTpHLEI HEYETKHX

—n —n == ==/

—!

A A"_J B J CI C"J
ko3¢ duLIeHTOB MOgENH.

Hexoropas i-n nmepeMeHHas BEKTOpPa COCTOAHHMA Kak ()YHKUMA BpEMEHH !
MOJKeT OBITH MpelncTaBlieHa HedyeTkoM oTHomeHnem (HO): Jc,(jt)={t,xj /,u;(r,x,-)},
i=1, 2,...,n, a B $MKCHPOBaHHEIH MOMEHT BPEMEHH yKa3aHHas IepeMeHHas MOXKET
ObITh BEIpaEHA HeueTkMM MHoxecTBom (HM): x; ={x,- /Ju;?.(x,-)}'. AHanoruyHoe
OMHCaHHE HMEET ¢-A BEIXOAHAA NepeMeHHas:

.0 =ty s 6y b s = 1,2,

¥ ={r B, 0. )
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FRe  fg, Hs - (yHkuun  npunamnexsoctH  (PII); X;, V.- 3HayeHHA u3

YHUBEpCANbHBIX MHOXKeCTB. DnemenTsl Matpuy A, B,C sanane HM:

A =44 (A T =, )
B'={B/ug(')}... 3" {8/ 15 ")

=l —1
Ci= {Cll/)”a](cll)}:vc” = {Cf,/#a,l(c,’, )}
HauaneHele ycnosua onmcanel HM D; ={x,—/,uﬁ,.(x,- )}, a4 YHCJIO NepeMeHHBIX

BEKTOpa cocToAHHa — HM §={s/p§(s)}, roe s=1,2,..,n — NopanKkoBblii HoMep

nepeMeHHOo BeKTOpa COCTOSHHUA.
DYHKUMH  NPHHALIEKHOCTH  3aJaHbl  aHATHTHYECKOi 3aBHCHMOCTEIO,

HanpuMmep, A/ NepeMeHHoN X;:
‘u?.(xr'):(/’(x’aI'nbi._\':’bzI\’[’VlI}’VzE):

~((unleg - Enlon b sl )

- 2 2

3neck koauuHeHT ay, npencrasnaeT Mony OII, kosdipuumeHTs! by u
b,+, 3apa0T wupuny OII, V 31 Vax;- HalIoH @II K ocH Xx;, T.e. KOHTPACTHOCTb.
Kospduumentsr b+, bV 5> Vay TMO3BONAIOT 06pa3oBhIBaTh M0OGYIO topmy

@IT u MOTyT BEICTYNATh B KayecTBe NOKA3aTeNei HEeOTIpeeIEHHOCTH.
3ajaHbl TMoKasaTeNH KayecTBa CHCTEMBI YIIpaBleHHA (BpeMs mepexomgHOro
fpolecca, nepeperynuposaHye, OWMOKa CleXeHHs M T.L) B dopme (yHKUMIT

IOJIE3HOCTH:
@: = {Q;/ﬂék(glj)}?k = 1’23"':K:

yék(Qk’)-—- qo(Q,f,a’?r,bjﬁi,bsm,v31.?1,1’32?:l
rae K —4ucno nokazaterneii KayecTea CHCTEMBI ynpagJ/ieHHs.
Onpenenena sTanoHHas MojieNs Ha OCHOBE 3aaHHBIX MOKa3aTeNneli KauecTsa
ynpasnenus: X, =A,x, +B u,, rne u, — 3anaomee BosgeiicTeie CHCTEMET;

X,(t) — BEKTOD 3TAIOHHBIX COCTOSNHHUS.
3anaHbl OrpaHHYEHHS Ha MepeMeHHbIe BEKTOpa COCTOAHHA H OrpaHH4eHHs Ha
yIpaBJieHHE;

g1 (I,u,}’,f)'( xlmﬂx, gz(x, u, }’,I)< )szl-n,...,
an—I (xau! }’,t)< xnmax’ an(x= u, }/,t)‘( xnmin Ireey

e (x,u,y,t)e.: U g,,,~(x,u,y,t)< Upnin
Hns onpenenenus nokasarens KauecTBa CHCTEMBI YNIPaBJIEHHA HCIIONbB3YIOTCH
Kak BpPEMEHHBIE XapaKTEPHCTHKH O0OBEKTa ynpaenenus a (t), as (t) TaKk H
4 1

napaMeTpsl HeweTKocTH b - (1), bz;,-(f)= b];k(t), 2;k(t), OMpeJenseMsle N0 MUPHHE
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¢yHrunn npunaanekuocTH. C UEnbio CHHKEHHA HEeYETKOCTH JaHHbIX 06 oObekTe
H yIoy4dlIeHus nokasaresel xavyecTsa yhnpaeJeHHA MAKCHMH3HPYHOTCA 3HAUYCHUs
bz (1), b5(1), b5, (0), b,z (1).

Hnsa npuaanus ceoiicTBa poBacTHOCTH anropuTMa YrpaBlieHHs NpelokeHo
MCTIONb30BaHHE  [HCKPETHOTO  airopuT™Ma  CKOpPOCTHOrO — TpamMeHTa B
napameTpuyeckoii ¢opae, YTO MO3BOMHT 0OO0ECTEUHTh MHHHMYM CIOKHOCTH M
YYECTh OFPaHHYEHNs Ha YTIPaBAAIOMMIl CHTHAN H CKOPOCTL €ro H3MeHEHH .

C ueneio ynydileHMa KauyecTBa W TOYHOCTH (DOPMHMPOBAHMA MEPEXONHBIX
TIPOLIECCOB B CHCTEMEI YIIPABIEHHA peanl30BaH alropHTM NPHHATHA peLIeHuii no
BbIOOpY KOMMPOMMCCHOFO YMpaBNAIOLIEr0 CHTHana YMpaBleHHs IyTeM €ro
BCTpPaHBaHWsA B AJIFOPHTMbl YIIPABIEHMUA.

MoaudiunpoBaHHIii 3aKOH ypaBleHHs HMEET BHAL

RO RO IO S0

kale+1]= koKX= hys)+ by — )8 - [ehe[e]- hyss - [e+ 1 e +1)
B[ 11= 1= )+ s =75 [T Ao -+ 1] +1]
k[t +1]=k [kJ1=hy)+ Wys -7, )0 [l [e]- hyes [+ 1Ju, [ +1]
rae t = mh, >0 — war guckpetuzauuu, m=0,1,2,...,m; y :{y,,yz,y3,y4,y5,y6} -

.
napameTpel ananTHBHOIO peryJsTopa; e = I(.\‘,- —J:,-J,)yér(e,-)dx,-—

paccornacoeaHue MexJy MEepeMeHHBIMH BEKTOpa COCTOAHMA W 3TAJIOHHBIMH
TIepeMEHHBIMH COCTOSHHSA; M- e) (e a-,b- Dz ¥z v,ﬂ) - OIT ommbku, ¢ —

e’ la?
aHanuTHYeckuii  BUA  (QYHKUMM NPUHALNEKHOCTH, @, =a;—X
b
Voo =Vous bz =bgs byp=by-, xi= J’xjdxj - HMHTErpHpOBaHHas TNepeMeHHas
X;

V- =V -

e lei 1x?

n

BEKTOPa COCTOAHMSA; 5-[r]=2k,.-e::, hi — ko3HUHEHTE, MONYyYEHHBIE H3
i=1

k03 pHUIIHEHTOB MATPULIEI 0OBEKTA H MAaTPHLBI 3TAJIOHHOH MoJenH B,

B rnase Taike paccMOTPEHL! BONPOCHI  TMOCTPOEHHS  aIalTHBHbBIE
HelpoHeYeTKHe anrOpUTMBI HCCNEOBAHHA HHTENNIEKTYalnH3HpPOBaHHBIX CHCTEM
ynpaeneHns AOWHaAMH4YeCcKUMH oObekTamH, obecneuuBaromie poGacTHOCTE K
pa3M4HBIM  HEOTpeleNIeHHBIM BO3MYILEHHAM. Peanmzaums mnpeanoxkeHHBIX
anropMTMOB CHHTe3a pacliMpieT o0nacTh WX TNpPHUMEHeHHs B  3ajavyax
NPOEKTHPOBaHHUsA CHCTEMbI YNpaBleHHs JHHAMHYECKMMH 0OBEKTAMH NP HATTHYHH
LITHPOKOro CNeKTpa BO3MYILEHHH.

B nartoit rnmaee  guccepraumn  «IIpakTHyeckas  peanH3auHs
pa3paGoTaHHBIX Mojeseii H ANTOPHTMOB B 3aa4aX WHTEJIEKTYaJH3aLHH
npouecca  ynpaBJieHHS  TEeXHOJOMHYECKHMH  00BLEKTAMHY»  NpHBEIEHBI
pesynbTaThl  NpHMeHeHMs  pa3paboTaHHBIX ~ Moneneii M alrOPUTMOB
HHTEIUIeKTYamH3allHi ~ TPOLIeCCOB  YMpaBleHMs B 3ajayaX  YIpaBleHHs
Pa3sIM4YHBIMH ~ TEXHOJOTHYECKHMH  OOBEKTaMH B  YCIOBHAX  ampHOPHOH

51



HEOMpeNeNeHHOCTH. B kauecTBe npumepa paccMOTpeHBI BOMPOCHI CO3MAHMS
MHTE/UIEKTYallbHOH ~ ajanTHBHOH  Helipo-HeueTkoi  CHCTeMBI yTIpaBIeHUS
TEXHOJIOTHYECKMMH TIPOLIECCaMH PEKTH(IHKALMOHHON KOJIOHHBI, MaTeMaTHUecKas
Moji€e/lb KOTOPOi HMEET CNeayIomMi BHI:

; - dy
7,0 [ xo 7,-—‘1'7u+ Fi(r) = ky o X (1 =1,)
Yo() ] I 1y
N s e BT T, ) Ly )=k, -1,
X0 l\\\-‘\\\x N ;L‘-["—l ST 1= By SFige- o)
: % = rE
- i L 1) BN G T e
" o~ AL E 0 P dr ? 3 2 3
Zelr) i dY (1)
T‘T‘A {T4'++?,(l]=k‘vf'_‘(1"1‘)
Py Fe()=05-(K1-¥,(1)+ K2-Y, (1)
> | H(r i d
7%’;': To- el )yt = ke 7014
R yy——etl, dr
Pekmiduean Ny vo i . dY S (1)
Houas e 1 Ty - —2—— s Y1) =k,-F (r=-1t,)
KoJ0HHD N i dt d ¥ a 4
S .| 1Y (1
i L L0 S R S T I

. ' [ ' ﬂ'f

B marematnueckoit momenn Y(z), Yy(t), Yi(2), Yi(r), Y,(c), ¥(e) -
TemrepaTyps! Kyba komonnst, Y;(t) — Temnepatypa napos, MOCTYNAOUHUX CHH3Y
Ha Tape/Ky nuTanus, Y;(f) — Temnepatypa skuakocTH, mocTynaromieii cBepxy Ha
Tapenky nuraums, X,(t), X,(f) — pacxome neperpetoro mapa m xnapmarenTa,
7,..T; — DNOCTOAHHBIE BPEMEHH [OHHAMHYECKHX  XapaKTepHCTHK [0
COOTBETCTBYIOIIUM KaHalaM o00BeKTa ynpaeieHHd, K, ..k — koaphHUMEHTE!
nepefayd IO COOTBETCTBYIOLIMM KaHalaM O00BeKTa YMNpaBieHHdA, T,...Tg —
3HaueHHsA BpeMeHH 3anasJblBaHHA M0 COOTBETCTBYIOLIHMM KaHanaM o6bekTa
ynpaenenus, K1, K2 — nactpoeuHsle ko3(pHLUHEHTDI, 1 — aHAIOrOBOE BPEMs.

B cymecTBylOWMii CHCTEME YMpaBlieHHA, YTO TPH HaJHYHM BHEIMIHHX
BO3MYUICHHIl (HampuMep, H3MeHeHHA pacxon napa Gonmee deM Ha 15%) wmmm
napaMeTpHYeCKHX BO3MYLIEHHH B o0bekTe ynpaBneHHMsa (HanmpHMep, M3MeHEHHs
coctaBa cMecH Ha 10%) moTepH ceippd cocTaenser 86%. HMuTauuoHHEI
IKCMEPHMEHT IMoKazall, 4To MPH HHTeJUIeKTyanM3alMH npoleea JaHHOro Npolecca
OTKJIOHEHHMA 3HAYeHMH TEKYIMX peanu3aluii He npeselmaer 2,5% 0T Hx
3a0aHHOro 3HaueHMs (pHc.3) YTO MPHBOAMT K YMEHBIIEHHIO NOTEPH ChIpbA B 10
pas.

EVARD PR

1n10 -
5 Fia
s.06x10° = 7
€32:10° 1« rASAN "T\'\._.“‘ j/\
ERTS R R
Py el
.
) -
10 o 30 0 N T e

= TToTepH cripba Ge3 yNpaBicHHA
-~ - TMoTepn cripba npu pobacTHoil cTabIIH3aLHK
« - - IToTepH CRIPEA MPH HHTENNECKTYANLHOM YTPABICHHH

Puc.3. Tpadukn noteps cLIpLA NpH HMETAIMHE NPOLECCOB YnpasJjeHns



CosznaHHas MH(OpPMAUMOHHO-aHANHTHYECKAA CHCTEMA TEXHONIOrHYECKOro
MOHHUTOpHHTAa W VIpPaBJICHUA, peann3oBaHa IJid aBTOMaTH3HPOBAHHOTO
MOHHTOPHHIA TEXHOJIOFHYECKHX MapaMeTpoB psaaa npeanpuaTtHii Yibekucrana,
NO3BOJNIKIIA COKPATHTL BpeMs Ha obpaloTky noTokos MH(opMauun B 1,26 pasa, u
YMEHBIUHIA pacxo/l sHepruu Ha 1,15% 3a cuet BLIGOPa ONTHMAIBHEIX PEKHUMOB,

SAK/IIOYEHHE
Ha ocHoBe mpoBeAgHHBIX HccnemoBaHnii MO NOKTOPCKOIl AMccepTalluy Ha
TeMy «KoncTpynposanwe Momeneii #  wIrOPUTMOB  HHTE/UIEKTYanM3alpK
MPOLECCOB  yNpaBjieHHWs — OHHAMHYECKHMH  00BEKTAMH B YCIOBHAX

HEOMpeAeIeHHOCTHY NPeCTaBleHbl CAeLYOLHE BEIBO/bL:

. Ha ocHoBe cucTemaTH3aUMM M aHanM3a METOJOB M aJFOPHTMOB pEIIeHHsA
3aj7a4 HHTEJUIEKTYalbHOrO YMpaB/leHHs IHHAMHYECKHMH 00BEKTAMH Pa3BHTEI
TEOPETHYECKHE OCHOBBI CO3JAHHA CHCTEM HHTENJIEKTYalbHOIO YMpaBiieHHs
JNMHAMHYECKHMH OOBEKTAMH HAa OCHOBE COYETAHHA METOIOB TEOpHH
aBTOMATHYECKOro yNpasieHnsa H MPHHLHITOB HHTENIeKTYaIbHAIX TEXHOJIOT M.

2. TlpenmoxeH KauyecTBEHHO HOBBII MOAXON K  CO3JAHHMIO  CHCTEMbI
MHTEJUIEKTyaln3ali [POLECCOB YMpaBleHHA IHHAMHYECKHMH OOBEKTaMH,
(YHKUHOHHUPYIOUHMH B YCIIOBHAX HEONpENeeHHOCTH, Ha OCHOBE MHTETpalHH
METONOB  KJIACCH4YEeCKOW TEOPHMH YMpaBNeHWs M  HHTEIEeKTYalbHOro
yIpaBJieHHs.

3. PaspaboraH KOMNJEKC HHTENNEKTYaNH3UPOBAaHHBIX THODMAHEIX Mopjeneii
CHCTEM YNpaBJIeHHs THHAMHYECKHMH 00beKTaMu, 061afalomiHii agarnTHBHEIMH
CBOMCTBaMH, M TMO3BOJAIOIIMI B OTNHYHE OT HM3BECTHBIX THIOB MOAENei
YYHTBHIBATh AHHAMHYECKHE 0COOGHHOCTH YTIpaBIAEMbIX IPOLECCOB.

4. Ha Gaze HelipOHHBIX ceTei, HEUeTKOH JOTHKH, reHEeTHUECKHX anropuTMOB H
METOJOB KJIACCHYECKOH TEOpHH ynpaelieHMs pa3paboTaHa MeETOJOJOHsA
KOHCTPYHMpPOBaHHA THOPHAHBIX Mozeneil TeXHONOTHYECKHX TPOIIECCOBR,
ABNAIOIIAACS MaTEMaTHYECKOH OCHOBOH HHTEIEKTYalH3alHH MpOLEccoB
YIpaBleHHs OUHAMHYECKHMMH 00BEKTaMH, W TMO3BONAKINAS (OPMHPOBATEH
MOJIENH CNOKHO (JOpMaTH3yEMBIX NMPOLIECCOB YNPaBJIEHHA.

5. PaspaGoTanbl anropHTMHYECKHE OCHOBBI KOHCTPYHPOBaHHS MOMENHPYIONIHX
AIrOPHTMOB  HCCIEJOBaHHA JHHAMHYECKHX OOBEKTOB, 0OecneyHBaroIne
addexTHBHOE peleHHe 3ajay BbIGOpa HaUTY4IIHX mozenei
(YHKUHOHHPOBAHHS CHCTEM B BBIMMCJIMTEIBHOM OTHOLIEHHH, OCHOBaHHbIE Ha
COYETAaHHH METO[a aHalM3a HepapXHH, MNPoUeAyp OLEHHBAHHS H METOOB
HEYETHOH JIOTHKH.

6. CospmaH  MHTeNNeKTyalM3HPOBAaHHEI  pelaTens  3afMad  YTpaBieHHs
AWHAMHYECKHMH OOBEKTAMH, COYETAIOWIHIT B ceGe METOAB! TpPamMIMOHHOI
TEOPHH ABTOMATHYECKOr0 YNpaBleHHA W MPHHLMMBI HHTEJUIEKTYaNbHOro
YNpaBlieHHs B YCIOBHAX CTPYKTYpPHOH, napamMeTpH4YecKoil H CHTyaLIHOHHOMH
HeoTmpeJeneHHOCTEH.

7. Pa3paGoTaHbl aNropHUTMbl ANANTHBHOTO NPOTHO3MPOBAHMSA, OTNPEIENEHHA
HEH3MEpAEMBIX KOOPAMHAT CHCTEMBbl W KODPEKLHH NapaMeTpoB CHCTEMBI
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10.

YrpaBlieHHs, a TaKxe CHHTe3a ananTUBHON Helpo-HeueTkoi
KOMOMHHMpPOBaHHOH CHCTeMBI YNpaBlleHHd NWHAMHMYECKHMH 00BeKTaMH Ha
OCHOBE MeTOa WHTEPaKTHBHOI alanTauuy, MpencTaBdAlMMIA  coBoii
KOMOMHALMIO aNropuTMoB HIEHTH(HKALMM U FreHeTHYEeCKHX aNropUTMOB.
Ipennoxken npunumn HEpapXH1ecKOro MHOrOYpPOBHEROI'O MOZENIMpoBaHHs H
HCCNEN0BAaHHA HMHTENNEKTYalbHLIX CHCTEM ynpasnenus, 6asupyrowmiics Ha
MEPapXHU1ECKOM  OMHMCAHMM  HCCNENYEeMOH  CHCTEeMB HHTENNEKTyalbHOro
YIpasjieHus.

PaspaGoTanbl anroputmer cuuresa ANanTHBHOH Helipo-HeYeTKOH cHCTeMbI
YrHpaejleHus, BKIIOYalolUMe B cebs Npouenypy onpenejieHus apXHTEKTYpbI,
pa3paboTKy CTpYKTypsl u Momenu B3aHMOJIEHCTBHA ee 3NeMeHTOB, OLEHKY
BIIMAHNA MapaMeTpoB HelpoHHOM ceTH Ha nokazaTenn KauecTBa CHCTEMEI,
TNO3BONAIOINE MOBBICHTL 3(I(hEKTHBHOCTL CHCTEM YTIPABIE€HHUSA TIPU HENOJHBIX
ANpHOPHLIX  CBEJEHHAX. OTHOCHMTENbHO MOHENH 00BEKTa ynpaBnenus mn
BO3MYILEHHHA.

Co3mana  cucrema ABTOMaTH3HPOBAHHOTO MOHHTOPMHTA M YTNpaBlieHHs
TEXHOJOTHYECKHMH  TIapameTpaMH SJIEKTPO3HEPreTHYECKUX OOLEKTOR M
He(TeXHMHYECKHX KOMTUIEKCOB, MO3BOJISIOIAs BBEIOHPATh  ONTHMasBHBIE
PEXHMBI paboTEl TEXHONMOTHYECKHX arperaToB, YMEHBLIHTb 3HEPro3aTpaThl
[MOBEICHTE TNMPOHM3BOAMTENLHOCTL 34 CYeT COKpalIeHHA YAENBHOrO pacxopa
HCIONB3yeMOH 3HEPrHH, a Takke TNPEAOTBPATHTE  pa3NMYHBIE aBapHiiHble
CHTyaLHH.
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INTRODUCTION (summary of the doctoral dissertation)

The relevance and demanding of the dissertation the theme. To date, the
world practice the leading position occupied by the creation of high-performance
process control systems with the involvement of intelligent technologies. One of
the most urgent tasks of rapidly evolving modern information society is the
management of real dynamic systems based on processing and analysis of huge
data streams. In this direction, some progress has been made in the leading
countries of the world such as USA, Germany, Japan, South Korea, etc., Where on
the practical implementation of the work carried out intensively in the industrial
and non-industrial field, allowing to increase the efficiency of production, i.e. the
competitiveness of the products, due to modernization of management practices
using modern information technologies, allowing for the particular technological
abjects. Now in these countries used intelligent production control systems account
for about 40-45%' of the total production. This results in reduction of resource and
energy consumption by 35%?.

In the Republic of Uzbekistan held large-scale activities on the effective
organization of measures aimed at creating a high-performance process control
systems and production. In this area, we carried out a series of research projects,
including for the development of effective individual technological objects control
systems in various industries, intellectualization control processes, improving
methods of research of intelligent control systems, creation of intellectual assets
control processes.

The world's attention is paid to the development of neuro-fuzzy models and
algorithms of control systems in problems of intellectualization process facilities
management, building a knowledge base, their use in improving the control
system. In this area, the implementation of targeted research is a top priority,
including research in the following areas: development of hybrid models of
dynamic processes based on neural networks and fuzzy logic, which allows to
consider features of dynamic objects; intellectualization control processes based on
the joint application of modern methods of control theory and principles of
intellectualization; development of tools and software intellectualization control
process; the development of sophisticated, highly adaptive control algorithms;
creating knowledge-based adaptive processing control signals control algorithms;
development of software - tools intellectualization of automated monitoring and
control of dynamic objects in conditions of uncertainty.

This dissertation research is to a certain extent the tasks provided for in the
Decree of the President of the Republic of Uzbekistan Ne PP-1989 on June 27,
2013 "On measures for further development of the national information and
commuanication systems", as well as in other legal instruments adopted this sphere.

Compliance research priority areas of science and technology of the
Republic. This study was performed according to the priority directions of
development of science and technology of the Republic IV. "Development of

" Electronic Journal "System Analysis in Science and Education", Ne2, 2015 (wwiw.http://sanse.ru);
* International Journal "Problems of the theory and practice of management”, 5/2014. (www.https://istina. mswru)
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information and information and communication technologies."

Overview of the international research on the dissertation theme’.
Research aimed at the development and creation of intelligent process control
systems and manufacture of various functional purpose, are made in the leading
research centers and higher educational institutions of the world, including in
Togai Infra Logic, Omron, Micro Devices, Johnson Space Centre, Department of
Electron and Intellegent System (USA), the International laboratory LIFE, Hitachi,
Mitsubishu Elektric, Ibaraki university (Japan), the Siemens (Germany), Wecan
Agrotexservis (South Korea), ZIFIT, DISC (USA), university of Siegen
(Germany), Inha ( Uzbekistan), a multimedia society Dongguk (South Korea).

As a result, the world's research on the development of models and algorithms
for dynamic objects intellectualization of control processes under uncertainty
obtained a number of research results, including developed: an intelligent on-board
aircraft control system (Johnson Space Centre, USA); fuzzy control system of
temperature control during storage of fruit and vegetable products (Wecan
Agrotexservis, South Korea); intelligent climate control system in vehicles
(Hitachi, Japan); fuzzy control system’s single and a group of lifts (Mitsubishu
Elektric, Japan); intelligent sensors (Siemens, Germany); Expert medical system
(Kawasaki Medical Schcool, Japan); Train Control System Nanboku subway line
(LIFE International Laboratory, Japan); intelligent robots (Ibaraki University,
Japan); intelligent microcontrollers (Department of Electron and Intellegent
System, USA).

The world's research on the development of tools to create intelligent dynamic
objects control systems with the involvement of the achievements of modern
information technologies for a number of priority areas conduct research on the
formation of mathematical models of dynamic objects in the light of uncertainties;
the development of neuro-fuzzy models of process control processes; algorithms
intellectualization dynamic objects control processes; automated tools for
monitoring and control of dynamic objects; complex programs to solve the
problems of intellectualization of dynamic objects control processes in conditions
of uncertainty.

The degree of knowledge of the problem. Research questions of theoretical
and practical problems for the intellectualization of dynamic objects management
processes and the creation of high-performance control systems, taking into
account the complexity of various factors and uncertainties, intelligent control
systems of technological objects and processes in terms of the structural, parameter
and situational uncertainties are devoted to a number of scientists: Abraham A.,
Aliev R.A., A.Allgéwer, Griffin M.F., Hunt K.J., Irwin G., Kraszewski P., Li
Ning, Li Shao Yuan, Piegat A., Stolcman S., Sugeno M., Tanaka K., Wang H.O.,
Warwick K., Xi Yu Geng, Zadeh L.A., Zheng A., Altunin A.E., Bobko, V.D,
Borisov A.N., Vasilev S.N., Verlan' A.F., Vostrov N.N., Pupkov K.A., Tarasov

* Review of foreign scientific research on the topic of the thesis is based on: http://www.works.doklad.ru,
http://www.refdt.ru, http://www.km.ru, http://osp.nv/os, Zakharov V. Intellectual Technologies in Modern
management Systems // Theoretical and practical aspects of management. -Moscov. 2005. -Vol 5. -p.96-100 and
other sources.
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V.B., Uljanov S.. Abdullaev D. A., Abutaliev F.B., Adilov F.T., Aripov M.M.,
Bekmuratov T.F., Guljamov Sh.M, Zhumanov LI, Tgamberdyev H.Z.. Kadyrov
A.A., Kamilov M.M., Marahimov A.R., Muhamedieva D.T., Rahmatullaev M. A .,
Usmanov R.N., Jusupbekov N.R. and etc.

From the number of scholars (FL Smidth, R. Aliyev MakKallak W., W. Pitts,
T. Kohonen, 1. Hopfield et al.) Conducted research on the development and use of
fuzzy controllers in complex nonlinear dynamic object control tasks where very
important results were obtained, in particular, are created and used in the industry
neuro-fuzzy controllers and various intelligent system.

Research questions of creation of intelligent control systems with the use of
expert systems studied by M. Sugeno. T. Yamakawa, T. Takagi, S. Yasunobu, L.
Zadeh, N. Yarushkin, Zhekson P., R. Davis, T. Saaty, E. Mamdani, DA Pospelov,
TF Bekmuratov, NR Yusupbekova et al.,, In which the necessity of taking into
account the uncertainty of direct parameters and characteristics related to dynamic
objects, as well as errors and ambiguities in the simulation data and process
control. However, in scientific publications are not adequately addressed issues of
systematization of conventional approaches and the development of sophisticated
tools to create intelligent control systems of dynamic objects, as well as the further
development and establishing effective methods for designing models and
algorithms intellectualization of dynamic objects of control processes in conditions
of uncertainty.

Communication of the research plans of scientific research is reflected in
the following projects: 0.80.02, "The development and implementation of
intelligent systems, algorithmic and software support of managerial decision-
making in problems of analysis and synthesis of hierarchical multi-level
continuous and discrete control systems of technological objects" (2001-2003);
P20.22: "Development of methods and algorithms for automated research
multimicroprocessor hierarchical control systems of technological objects" (2004-
2006); A-14.002: "Development tools create modeling, predictive and adaptive
systems based on intellectualization control processes of complex dynamic
objects" (2006-2008); ITD-5-36 "Development of information-analytical
intellectual process safety monitoring system of petrochemical plants and
complexes" (2012-2014); ITD-5-39 "Development of an integrated information
system of the production process monitoring and control prediction in light
industry, using Web-based technologies (IT technology)" (2012-2014); A-5-42
"Software tools intellectualization of automated monitoring and control of
technological objects in conditions of a priori uncertainty" (2015-2017).

The aim of the study is to develop design models and algorithms for
dynamic objects intellectualization control processes in conditions of uncertainty.

Research problems:

systematic analysis of the current state of theory and practice of research of
dynamic objects control systems conditions of uncertainty and fuzziness of work
situations;

develop the principles and methodology of intellectualization control
processes of complex dynamic objects in conditions of uncertainty;
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structuring and algorithmization tasks intellectualized simulation of dynamic
objects of control systems;

development of algorithms for analysis and synthesis of adaptive neuro-fuzzy
complex dynamic objects control systems;

the development of algorithmic design principles modeling algorithms
research of dynamic objects;

Practical testing of the developed models and algorithms for the study of
dynamic objects of control systems in dealing with automated process control
problems.

The object of the study are hierarchically organized multi-level dynamic
object control system functioning in the face of uncertainty and fuzziness of work
situations.

The subject of the study is to analyze the principles and methods of
management multilevel dynamic objects that operate under uncertainties of various
kinds, the development of mathematical models based on neuro-fuzzy technology
intellectualization control processes, algorithms, analysis and synthesis of
technological processes and object control systems.

Research methods. System analysis, the theory of intelligent systems,
automatic control theory, methods of state space and interval analysis.

Scientific novelty of the research is as follows:

the basic classes of solved problems, developed principles of
intellectualization of dynamic objects control processes that operate in conditions
of uncertainty;

it developed a new approach to building intellectualization systems control
processes dynamic objects that operate in conditions of uncertainty and vagueness
of work situations, based on the integration of modern control theory, methods and
intelligent technologies;

developed a set of intellectualized hybrid models of dynamic objects of
control systems having adaptive properties, and allows in contrast to the known
types of models to take into account the dynamic characteristics of controlled
processes;

developed algorithmic design principles modeling algorithms research of
dynamic objects, providing an effective solution to problems of selection of the
best models and cotrol decisions;

solver created intellectualized dynamic objects control problems, combining
traditional methods of automatic control theory and principles of intelligent
control, in terms of structural, situational and parametric uncertainties;

developed algorithms for determining the coordinates of an object of
immeasurable, correction control system parameters, as well as dynamic objects
control systems synthesis based on neuro-fuzzy adaptive and predictive model;

synthesis algorithms developed adaptive neuro-fuzzy combination of dynamic
objects control system, based on an interactive method of adaptation, which is a
combination of the identification algorithm and genetic algorithms, which can
effectively solve the problem of industrial objects control under uncertainty.
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Practical research results are as follows:

Developed tools intellectualization of dynamic objects control process as a
software system designed to automate the process of formation of hybrid models of
poorly formalized processes, replenishment and synthesize knowledge control
systems based on the goal.

A system of automated monitoring and control of technological parameters of
electric power facilities, petrochemical complexes and ginneries, allowing the
opportunity to choose the best modes of technological units, reduce energy costs
and improve productivity by reducing the specific consumption of the energy used,
as well as to prevent various accidents.

Designed especially neuro-fuzzy control system is effective in complex
nonlinear process control with parametric uncertainties, for which standard
approaches of synthesis of automatic control systems are inefficient.

The reliability of the results justified the application of theory-based
concepts of intelligent control dynamic objects based on fuzzy set theory and logic,
neural networks, genetic algorithms; Using proven methods of modern control
theory; with the results of theoretical and applied research, and their mutual
consistency.

Theoretical and practical significance of the study results. The theoretical
significance of the results of the study is time-processing methodology of design
methods, models and algorithms for automated research of dynamic layered
hierarchically organized dynamic objects control systems that operate in conditions
of uncertainty and fuzziness of work situations, can effectively solve the problem
of intellectualization of technological objects control processes continuous-discrete
character. This hybrid character used in the neuro-fuzzy models, allows for a
unified mathematical basis to describe, simulate, synthesize and build a knowledge
base, both in structural and in the parameter against the designed system.

The practical significance of the results of the work is to develop a tool of
automated monitoring and control of dynamic objects in a software package that
allows to predict and analyze the different production situations and choose the
best control solutions in problems of designing a multi-level control system. The
developed models and algorithms intellectualization process control dynamic
objects under uncertainty can be widely used in the creation of intelligent process
control systems of production with continuous discrete nature.

Implementation of the research results. The developed instrumental and
software based on hybrid models and adaptive neuro-fuzzy control system
implemented in enterprises of SJISC "Uzbekenergo", including, JSCIV «Deutsche
Kabel AG Tashkent», OO0 «Delta Net», the research center "New Technologies"
(Reference "Uzbekenergo" the Republic of Uzbekistan on the implementation of
number CI-01-21 / 1953 from 12.05.2016 g). The results of scientific research can
reduce the processing and analysis of the processes of information flow in 1.26
times, lower energy consumption by 1.15% in industrial facilities, thereby
increasing the efficiency of production.

Approbation of the work. The main results were presented and discussed at
the 47 scientific conferences, including 32 international: "Technical sciences and

61






THE MAIN CONTENTS OF DISSERTATION

In the introduction part the urgency and demand of the theme of
dissertation is proved, the purpose and problems, and also object and an object of
research are formulated, conformity of research to priority directions of
development of science and technologies in the Republic of Uzbekistan is stated,
scientific novelty and practical results of research are stated, reliability of obtained
results is proved, the theoretical and practical importance of obtained results is
reveals, the list of introductions in practice of research results, data on published
works and dissertation structure are given.

In the first chapter of the thesis ''System analysis of the current state of the
problem of intellectualization of dynamic objects control process' sets out the
current state of theory and practice of constructing dynamic objects intelligent
control systems that operate in the conditions of various types of uncertainties. The
basic causes of uncertainty in the control of dynamic objects

There are many models and algorithms for constructing intelligent automatic
control systems, which are used in various branches of science and technology.
The most common of these are neural networks, fuzzy systems, expert control
system, genetic algorithms, data visualization, decision trees, swarm intelligence.

On the basis of a systematic analysis found that the creation of models and
control algorithms of dynamic objects in the presence of uncertain factors are so
complex and non-trivial to the classical methods of control theory that in order to
solve them will require the development of new and modification of known
methods taking into account the achievements of modern information technologies.
This is due to the fact that traditional methods of investigating such systems in the
class of adaptive, robust control systems are facing difficulties due to the precise
task control structure and method of evaluation factors.

Analysis methods of formal representation, modeling and study of the
dynamics that operate under control systems uncertainties affecting the operation
modes of the system showed that the most appropriate and solve problems is the
use of hybrid methods, including, as the theory of fuzzy logic (sets), and the
methods automatic control theory, which is the basic foundation for creating
dynamic objects intellectualized control system.

Analysis of the methodological aspects of the assessment of the state of
control and simulation of phenomens and processes of dynamical systems shows
that the issues of systemic research in the information uncertainty, taking into
account the physical and chemical laws and fuzzy causal relations have been
neglected. Therefore, the application of systems analysis, mathematical modeling,
data processing, control of complex dynamic objects of study, taking into account
characteristics of dynamic objects and fuzzy causal relationships and decision-
making ‘under conditions of information uncertainty remains one of the major
problems the solution of which will enhance the efficiency of production.

Analysis methods of formal representation, modeling and study of the
dynamics that operate under control systems uncertainties affecting the operation
modes of the system showed that the most appropriate and solve problems is the
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It presents the concept of research and intellectualization of process control of
complex dynamic objects, involving the use of hybrid information technology
based on database integration and knowledge, including methods of
intellectualized control.

The methodology focuses on the development of hybrid intellectual models of
automated solver dynamic object management tasks, operating in conditions of
uncertainty, adaptive neuro-fuzzy models, methods of implementation of the
neuro-fuzzy adaptive models in dynamic objects control problems, as well as
intelligent information processing method.

In the second chapter of the thesis "Concepts and methodology of
intellectualization of automated dynamic control objects' given the developed
models of dynamic processes are one of the most important and time consuming
tasks to be solved in the development of control systems and management
decisions. - =

The highlight of the design development of highly efficient methods of
information processing is a process control system and the development of control
actions. The solution to this problem is directly linked to the development of
mathematical models that reflect the specifics of the difficult conditions of
functioning of system, such as uncertainty and changes in the external environment
characteristics, the appearance of abnormal situations, failures of information
sources, communication channels, devices that implement the generation of control
units of other equipment, as well as the effect of disturbances and interference.

The complexity of solving this problem is considerably complicated by the
fact that in addition to the purely conceptual tasks and solve systemic issues, it is
necessary to solve the problems of formalization representation structures models,
analysis of the adequacy of the model, the formation of the bank's analytical and
process samples, identifying cause-effect relationships, presentation of expert
knowledge on the state and changes in the situation, the development of forms of
knowledge representation about the events, actions and procedures. Using this
approach allows the efficient management of complex objects in the presence of
various kinds of uncertainties in the models when the models and controlling
decisions selection procedures are defined vaguely, and sometimes set on a
qualitative level only.

In general, the dynamics of the control system can be represented by the
equation of state:

Xpa = F(xksuk)sk =0,N,

x,e X,uelU,
where: X - the state space, U- set of admissible controls, the F - state transition
function, in general, non-linear
' F:XxU—=X.

Incomplete certain processes can be modeled using fuzzy sets. Odds and some
values may be given in the form of membership functions. Then the dynamics of
control system is described by fuzzy relations

F:XxUx X -[0]],
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of representing a fuzzy subset of the Xx Ux X Cartesian product.

For dynamic systems with different types of uncertainties transfer function
can be written as:

F:XxU— XP
where XP - the set of probability distributions on X.

To account for the uncertainties in the model are introduced random variables
or factors. However, these models need to have the information for the
construction of probability distributions.

The formalization of this class of problems can be naturally carried out using
mathematical language hybrid models, is a composition of processes and system

This model can be represented as the following equations:

x(k+1) =0 |m(k), y (k),m(k +1),y (k+1),u(k)| x(k)+
+ A [mk), y (k) m(k + 1),y (k+1),u(k)] wik);
- z(k+1) = H,, [m(k+1),y(k+ )]+ G, [m(k + 1), 7k + 1)) v(K),
where: x(k) - advanced state vector and generalized object control model of the
environment; u(k) - vector control actions; =(k+1) - vector available observations;
w(k) and v(k) - uncorrelated between a sequence of vectors; 0,[] 4,[] H,,[] and
G,.[] - matrix functions of appropriate dimensions.

The basis for modeling systems is a hierarchical description of the dynamics
of the system under study, are a family of models, each of which describes the
behavior of dynamic systems in terms of various levels of abstraction.

With regard to the task proposed to allocate two directions of hierarchical
models:

e vertical hierarchy, in which the division of models through the levels is
carried out on the structural and functional features of the system;

e horizontal hierarchy, in which the division in levels models is dependent on
the methods of investigation.

In the hierarchy of three levels of models are marked by vertical:

e level base models containing the simplest models;

e the level of local models, reflecting the structural and functional properties of
functionally complete devices aimed at solving specific problems:

o the level of global models that reflect the organizational features of systems
and is a model with a high degree of detail.

‘Horizontal hierarchy of models includes four levels, depending on the
methods of investigation:

models to get the process of calculating results based on analytical modeling;

e model showing the discrete nature of the processes and presentable logical-
differential equation;

e model showing structural coupling mathematical process diagrams based on
neural network algorithms;

e models to optimize and predict the state of a system based on artificial
intelligence techniques.

Formally, the construction of models of dynamic objects can be represented
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as:
M=<LP,®, X, Y, Q>,

where: I - model identifier: P= P (x,x>,...,x,J) - single predicate defined on the X-

set.

The meaning of this predicate is the formal definition of the possibility of
using this model @ : X —V ( XUY=2Z) - displa),r a certain set of properties
describing the modeling algorithm; X ={x,.x,.. - input variables computational
model; ¥ ={y,,,,.., ¥, } - output variables computahonal mode; Z = { 98, )
- a set of variables; Q - the scope of the model, which is defined by a pair of the
domain of the X and the Y value, i.e. Q={X.Y}.

In the process of working with models input variables of two types can occur:
definite and indefinite. In accordance with this X-set will be divided into two
disjoint subsets X and X, ie.

¥ ud=x"" ¥=5)

The elements of X* can be defined with the introduction of a relationship
between certain variables X”. This connection leads to the formation of more
complex tiered computing model or another model M having as an output vector Y
and vector undefined variables X", it can be represented as a set of N,=N,UN,
model mappings with a Yye Y, k= 1,2,..., N,, scalar vectors.

Used sub-models, which are blocks of different dimensions, can also be
represented in the form.

m, =<1 P, fi, xi, i, Q>

Then the components of the original model described by the elementary
components of the following models:

M={m,}, ®=(1}, i< [1.N,]
(Vx)P(X)H [P!(Xl )A PE(XZ)A A PN:I‘H(XNH! )]

N, N,
X=UX; Yz[U}’;J/X
i=l

i=]
‘Nﬂ
z=Uz; Q,=PZ(Q):i=12,.,N,

i=l

P.Z; (Q) - the Q - set projection onto the hyperplane, the coordinates of
which are components of the vector Z;

Such presentation of computational models allow to generalize the procedures
associated with the formation of modeling algorithms, and present them as formal
problems to be solved on the basis of these models.

To determine the optimal process model structure is formed by a plurality of
structures, defining a set of defined relationships and metric distances between any
of its elements. A M-set structures of process models is a vector (mamx and the
presentation of sets) function.

Ms=0(D-1),
where: D - many structural components, including a subset of 7, e T time points,
x, € X state variables, u,eU admissible control actions, w,e7 random
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disturbances, g e G technological limitations, ¢, € ® communication operators,
L- set, which characterizes the functioning of possible situations, leL; "

Boolean operation of multiplication; Q - function that determines the options
structure models generated from the results of the Boolean product of the set
structural components and operation of the set situations.

Then the set of structures process models will be defined as

M, =QO[T. X.U.W,G,®}-{L}]

A T-subset determines the classification process for the time parameter. It
allows you to select the type of model for the type of equation. The T-structure is
defined as a set of process elements ¢, - continuous; r,- discrete; ¢, - continuously-
discrete; ¢, - discrete-continuous.

In order to clearly understand the dynamics and processes of logic, you need
to have information about his condition. For this purpose, a subset of the intended
X, which contains as elements the variables carry information about the condition
of TP (generalized coordinates)

X= {xl,.\'z,..., x,}
where: f - the smallest number of independent variables that uniquely characterize
the state of processes for a given time.

In order for the process to be controlled in the model must have the elements,
varying the values of which can be converted processes from one state to another.

This function is performed by a U-subset, which contains variables that
describe control actions: U={u,,u,....u,}, where § - the number of admissible

control variables.

The W-subset contains occasional disturbing influence, causing uncertainty
processes. Choose as a basis for structuring the disturbances and how to specify the
nature of the influence on the solution of the problem.

Thus, it is possible to construct models of various processes occurring in the
dynamic control plane. The approach of building models are also suitable for non-
stationary objects, where the parameters of the object change over time. The
proposed method is the basis for the formation of patterns as a predictive and
adaptive systems with the identifier,

In the third chapter of the thesis "Development of intelligent solver tasks
control of dynamic object" on the basis of the developed technique of
constructing models of the dynamics of the functioning of operating in an
uncertain environment, the issues of creation of intellectualized solver problems
automated dynamic control objects. The generalized algorithmic structure
intellectualized dynamic object management system, which include dynamic solver
problems, for outputting, based on production rules solutions. Algorithms for
adaptive forecasting, determining unmeasured coordinate system and the
correction of control parameters of the system, which are the basis of dynamic
solver technology objects control problems, operating in an uncertain environment.

The structure of the intellectualized management system (fig. 2), along with
new, contains the traditional elements and connections, a central place in it takes a
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Dynamic solver problems have a complex education, ability to assess the state
of the system and the environment, to compare the parameters of the desired and
actual results of the action, make decisions and develop control, contributing to the
achievement of objectives. For this dynamic solver control problems should have
knowledge of stock and have methods of solving problems.

An important function of dynamic solver control problems is the
formalization of the state of the database and knowledge base.

The hybrid model is the mathematical basis intellectualized control system
realizing the positive properties of neural networks and fuzzy logic have shown
high efficiency of neuro-fuzzy control systems. Elements intellectualized dynamic
objects control system described fuzzy adaptive model is a kind of multi-layer
neural network, which structure is formed on the basis of the analysis of process
variables and the nature of relationships between them that can be customized to
the changing conditions of production. To explain the operation of the dynamic
solver control problems, consider the process of stabilization of the y(i + 1) -output

variable of the dynamic object described by a nonlinear difference equation
Y+ D= fp@),....y = r)x@),...
x(i = 8),u(i),...,u(i — q)),
where: i=0,1,2,..,N - actual discrete time; y(i) - output signal; x(i)=(x,(i)...xc() -
vector disturbing action; u(i) - control; f(y()....y(i—r)x(@),...x(i - 5),0(i)....u(i-q)) -
Some non-linear function having the orders of r,s.q.
Input the coordinates of the object are limited at any given time, i.e.:

o su()s Pl ,

(N

™= x"i=LN.
In order to describe the dynamic process used Sugeno fuzzy model
represented by a set of rules:
if x, (i) is Xfl

X (D) I8 X0y, (1) is X0, @)
then uf (i) = 6% + bf, Xy, (i) + ...+ b2, X, (i),
8=1n,

with X?¢./=1m-fuzzy sets and linear dependency linking x, ()= (xp (i), e (i), X (1))
inputs and «; (i) outputs.

The main characteristic that defines the X, fuzzy set membership function is
X.(x), which has the form of sigmoid: :

Xe(x) = L+ exp(d,, (x, +d))™

The mechanism for determining the u, (i) output of fuzzy model (2) by setting
the x{(/)inputs at the /=12, N time of X}, (x,(#) membership functions and the
By bl b 8 = 1n,l =1,m coefficients of linear equations:

up (i) =biy + by X (D) + ...+ b, x,,, (0),
0=1Ln,

it can be represented as a five-layer fuzzy neural network

The first layer is calculated X7, (x/,(1)..... X, (x(, (i) membership degrees for 0-

&)
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th rule, and the second layer of the value of w] parcels of truth by algebraic
multiplication:
Wy = X, N, () X (X, (1))
The third layer is defined relative to the normalized values of truth parcels:

- v ()

n': () + nf () + ...+ w (i)

The fourth layer B (/) output values are multiplied by the (i) values
calculated by a linear equation (3) for setting x7,(7),x}, (7),...,x, (i) values.

In the latter the fifth layer of the «, (/)total value of all the rules is the u} (i)
average weighted sum

u (i)=Y Bl (Dl (i),
t=]
The fuzzy model of the object ¢, vector settings comprise b,/=0,m

coefficients of linear equations (3) and the parameters d,,.d.,,./ [=1,m@ =G of

membership functions.
In this case, the x;,(7),...,x,,,u (i), data in which the y(i+1) output variable
is close to the nominal y” value, i.e. satisfies the condition:

J* ;(%2(})1” = ):(_\‘:(f),ll *(l))D/y” )S J”,

where J- the nominal value of the relative error control.
The next point is the training of the network. For this purpose, the correction
matrix is calculated:
a P P
H,()=H, (i-1)- H.( -'l)xr (‘]x:-- (’)H:(’ 1) @
1+ X (DH, (i-1)Z, (i)

and the vector of the coefficients:

b ()= b, (i = 1) + H, (D7, ()" (i) = b (i = DF, (). 5)
Getting fuzzy model of the future are trained on current data by directional
change 4,0 =1,n,1=0,m factors, multi- stage least squares method (4), (5) and
the parameters of dj,,,d,,, membership function by back propagation. Last is to
minimize the mean square error. -
E, ()= 05¢2(1)= 0.5( () -, (@7 =2 )f
gradient method by the formula:
d(A+1)=d (1)-Ad (1)
with the Ad, = h, (9E,./8d,) working step, where 4, - the parameter of the working
step.
P To make the adaptive properties of the fuzzy controller, in order to ensure the

stability of a dynamic system to disturbances (changes of control object parameters
and external influences) carried out assessment of the rate of change in the Ae
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error.
For training the network is proposed an algorithm based on an interactive
adaptation theory, the essence of which is to calculate the implicit error manner.
When using an interactive adaptation algorithm system is divided into N-
subsystems, each of which has integrable output signal y,, and the integrable input
signal x,, the relationship between them is represented in the form of functional
dependence F,: X, > ¥, n=12,.N
The ratio of i-th element of the system has the form
y,(0) = F[x,(0)).i=12,...N
Let the interaction between the elements and () by an external signal and is
described by linear
() = sop R
x,(1) “,(!)+L’EZJ.(IK v (0).is ©)
where: J, ={K:y, =i} - a plurality of inputs associated i-th element; o, - weight
linkages, then the ratio of input and output i-th element by the following equation:
» (@ =Flu,(0)+ Y ap-y,(0)ie N
Ked,
If the system is described by the equation (6), that links the «, weight is
adjusted by the following rule

. ! Yaurk y £ 2
aK:FRK[IﬂK]'(H—AJ Zas'as—?'FaxK[xan]'ysuxK.g-_’
ek JSeQ,.0r yﬂf\'

where: y >0 - factor that determines the speed of learning; F,,[x,,.] - Frechet
derivative; £ — loss function (error) ke K.

Provided that the equation (6) has a unique solution for «, , where the E (¥,
wes Vo Up, o, 2y) i loss function would decrease monotonically over time and will
be satisfied by the following equation:

- SE
ar = —yE, ke K

With this approach, the neural network can be decomposed into its constituent
elements, represented as an elementary neural network.

Mathematically, the neural network learning algorithm can be represented as:

Pn=3Xw,r,,

s€ Dn
r,=o(pn),
where: 7 - the index of the neuron: s - the iridex of the synapse; Dn - a set of input
synapses the neuron n; pres and post - presynaptic and postsynaptic neuron

corresponding s-synapse; “s - synapse weight s; pn - the membrane potential of
the neuron #; rn - frequency excitation of the neuron n; O s- Sigmoid activation
function type, which is represented as _ .
1
l+e™™
Thus synapse weight is determined by the formula

Cl.) = rpm( pruuo. (—Pl"ﬂ'") +ye f”"’")

o(x)=



@, = Z(u;w‘_

Se A,
where: y - the feedback directly to all neurons, ¢, - direct feedback signal error.

Thus, combining the positive properties of neural networks and fuzzy models
can effectively solve the control problem of complex dynamic objects in conditions
of uncertainty.

In the fourth chapter of the thesis '"Algorithmic synthesis of intellectual
control system of dynamic objects" formulated principles of intellectualized
control system of hierarchically organized dynamic objects, operating in conditions
of a priori uncertainty of the information on which solved the problem of
coordination of technological units.

The emergence of a hierarchical control structure was due to the increasing
complexity of the technology controlled objects, which creates great difficulties for
centralized control. Therefore there was a need to separate the decision-making
process on a number of levels to optimize the solution of the problem was not
difficult at all of them. But with the emergence of multi-level hierarchical control
systems and a new task appeared to harmonize and coordinate the decisions taken
at all levels of control.

The multi-level hierarchical systems important issue is to solve the problem
of coordinating the work of the subsystems in the system if there is uncertainty, the
problem is much more complicated decision.

n this case, the level of coordination is carried out by receiving control signal
systems, is a generalized assessment of quality management across a set of
controlled objects from the perspective of an outside observer, as which can act as
the other current level control systems, and higher levels of the hierarchy control
system.

The main function of coordinating the subsystems is to provide a coherent
interconnected operation of all the components (the local control systems) together.
This function is provided primarily by the optimum choice of settings set of
vectors for each of the system components. Selecting the optimal operation of each
component separately in itself is quite a challenge, but it does not imply that the
entire system will also work optimally.

Currently decided to investigate how to optimize for the two-tier system and
to take this as a basic unit for any N-level system, and to solve the problem on the
(i -1)-th level is considered to be the result of optimization given level i. Or, if

written in the ** form:

Xy Z{Z},f=l,_N,j=l,_M
where M =m, - number of subsystems in the i-th control layer, it is assumed that
when the x,_,,, j=1m,_, solutions, all solutions E Jj=1,m, have already been take.

As an indication of the decisions taken on individual subsystems j and the
whole system we will use the supplies of solution function to a subset of valid,
effective and u D(}T] coordinated solution, and this function is not limited to clear

solutions to the Flx,) function, as it includes not only the characteristic
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effectiveness of the solution, but the solution of its admissibility (degree solutions
to a subset of valid modes with accessories) and coordination with the objectives
and constraints downstream subsystems (degree of belonging to a subset of
solutions coordinated modes K).

Membership functions are defined on the X ={x,} set of solutions. The

effectiveness of solutions given by the G X fuzzy aim as a fuzzy subset with
pglx,) membership function , feasible solutions - with fuzzy subset Cc X

membership function u.(x,) and coordination - fuzzy set K< X with (v

membership function. The net effect of the fuzzy goal G, fuzzy constraint with no
coordination By the choice of the x, solution can be represented by the GnCn K

intersection. )
System solution coordinated at the level of N can be determined by the type

expression -

D(-’;N): D((II)' ) D(xl.ar()' Do) DS—“':M

* D\X(nop DAx(pipae ) C(x.\‘ (‘\G(x_“)

The important point here is to build a mathematical model to represent
knowledge of the dynamic objects in a fuzzy information, which should enable the
identification of indicators of uncertainty, giving a description of random
processes, invariant to their distribution law.

In general, a dynamic mathematical model of the object can be represented as:

o fuzzy state equation

d;/d!=2®;@§®z:, ‘ug(s)
e fuzzy observation equation
y=C®x
e fuzzy initial conditions bl L, _
%,(0)=D1_ x—2(0)=Dz,...,x"(O)=Dn,
where ®,@ - fuzzy operations of addition and multiplication, respectively; u - a
control signal (scalar) receiving fuzzy values; §={;l,:_cl,‘.., Xires )_c,.} - fuzzy state
vector, i=1,2,...,m; ;={;,,;2,...,}c....,},} - vector fuzzy output variables, ¢=1,2,._.,I:
u5(s) - fuzzy index (changing) the number of state variables and represents the
weight of the s-th equation of state;
s s Sl b A o
A=|e o oo, B=| ), C=l e
Al ... .4.:] B Ci ... C,,J
Some of the i-th variable of the state vector as a function of time ¢ can be
represented by fuzzy relations (FR): x,(r)= {t,x, Ju (e x, )}, i=1, 2,...,n, and at a fixed
time specified variable can be expressed as a fuzzy set (FS): x ={xj/ﬂ; () A
similar description is ¢-th output variable:
7. O={y, i 6y ) 6=1,2,...],

;s ={y~s/ﬂ,‘;(}'; )}’

- matrix fuzzy coefficients of model.
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where g, u- - membership function (MF): vy - the value from the universal

set. Elements of A, B.C matrices specified FS.
=1

T
B = lBl/i‘ﬁl(B']--~-=B_I=Jl"f("/“ﬁ"(3" )
Cr={C! fuz (€ nCr =l fuz (1)

The initial conditions are described by D, ={.\'_‘ Juz(x, )} of FS , and the number
of variables of the state vector — § ={5/,u§(s)} of FS. where s=1,2,...,n — sequence
number state variable vector.

Membership functions are given analytic function, for example, for the X,
variable:

#z (x)=0lxag b b v igvis )=

= [(bﬁ' (a.?. _ ,_.)) & w))_ﬂ. L (b:-‘-‘ o Y])‘ F %'_(GT_—“D"FI i J-l

2 i 2
There is a the a; coefficient of MF mode, coefficients b+ and b, define the
width of MF, v - and v ; - tilt MF to x; axis, i.e. contrast. The by bo,vo, v

257N Ve
factors, allows to form any form of MF, and can act as indicators of uncertainty.
Sets the control system quality metrics (time of transition, overshoot, bug

tracking, etc.) in the form of utility functions.

= I 3 3 3
0. =10 /3 (0 =12....K,
ﬂék(QE)=cﬂfQ:,a’x.,b’afub’zi,v’m,v%ﬂl
where K - the number of indicators of the quality control system.
Determined reference model based on given parameters of quality control:
i‘.\‘ = A.\lx." + BMH,H
where u,, - reference variable system; x,,(#) - vector of the reference state.
Set limits on the variables of the state vector and control constraints:
gl(x" _1y=r)<xlm.1\‘7 g!(xfu_}”!)< 2min 3°°3
o\ X5l Yo lf<x, . g (x.u,y,t <X, i 3eees
Ena\Gu Yy t)<u, ., gm(;,u,}',r <Uin-
To determine the control system quality index used as the time characteristics
a- (1), a; (r) of the control object and 5_(), .. (), b-(1), b,:,(¢) the parameters of

fuzziness determined by the width of the membership function.
In order to reduce the fuzziness of the object data and improve quality control
indicators are maximized ,; (1), 5,2 (1), b, (c), b,-,(¢) of value.

To make the properties of the robustness of the algorithm proposed to control
the use of discrete algorithm speed gradient in parametric form, which will provide
a minimum of complexity and take into account the restrictions on the control
signal and the rate of change.

In order to improve the quality and accuracy of formation of transients in a
compromise on the choice of the control of the control signal control system
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algorithm decision is implemented through its incorporation in control algorithms.
The modified control law has the form:

u=k, (r) uru(r)+ g‘kf(t) x,s (f)

k;:l[t+ 1]= kfl[kI!_ h?3)+ ”(7’5 —7.)8- [r]xls["l" 1?}’55'[f "'l]xli[!"' l]-
ki[t+ 1]= kfn[kII— hys)+ I:(y5 —yJS-[!lrf[!]— i1y55-[t+ I]xf[t-i- 1],
k[e+1)=k[kJ1=hy, )+ Hys 7.0 [tk le)-ryes 1 Je+ 1]
where ¢ = mh, >0 — digitization step, m=0,1,2,....m; y ={ys722¥3s Y0 V5o ¥} - the
parameters of the adaptive controller; ¢ = [(x, - x, Ju (e, )¢, -a mismatch between
i

the wvariables of the state vector and the reference state variables;

”;(e')z("'-“';-bj;’bzs!".;*"z;] - MF errors; ¢ - analytical form of membership

V-=V-, V.=V b-=b., b;=b;, x5 = [xdx, -
5 2 i

3 lei 1g? 2ei 2n?

function; @ =a, -x

integrated variable of the state vector; ; 5-[[]:ikl-e,£, h, — coefficients obtained
=l

from the coefficient matrix and the matrix of object reference model W,

Implementation of the proposed control system synthesis algorithm extends
the scope of the control systems in production conditions in the presence of a wide
range of disturbances.

In the fifth chapter of the thesis "The practical implementation of the
developed models and algorithms in problems of intellectualization process
facilities management process" shows the results of the application of t}}e
developed models and algorithms intellectualization management processes in
problems of management of various technological objects in the conditions of a
priori uncertainty. As an example, the issues of creating intelligent adaptive neuro-
fuzzy process control system of the distillation column, a mathematical model
which is as follows:

Z,) X0 7. D Ly =k X, -7,
4 & di
X, (1) NS ~ Y, (t)
O N | Senenkeres
s AR S e 2
it Ly I N N
b - Xz dy
4—_"7(!) . . \\ =y Z"(r)L TJ-——J(I)+Y4(f)‘—'k4‘YJ(f—T.;)
N Pl(‘) » { dt
b Py (1) Ys(t)z0,5-(K1-Y4(!)+K2-Yﬁ(r))
et 2 >
/ N H() rﬁ-%ﬂg(rpkﬁ-}’,u-rﬁ)
Zy,(1) .
Rectification TN X,(n) s () +¥(0) =k, - Y (t—175)
column dt
day, (1)
B Ty 0=k X,0-7)
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The mathematical model ¥,(¢). Y,(¢), ¥;(r), ¥i(r), ¥,(z). ¥ (¢) = cube column
temperature, 16th, 22th, 28th (plate supply), the 37th and the top of the column,
respectively, ¥,(¢) - vapor temperature entering the bottom plate of supply. },(¢) —
temperature of the liquid flowing down on supply plate, ¥,(r) — reflux temperature,
X,(¢), X,(r) = costs superheated vapor refrigerant, 7, ... Ty — the time constants of
the dynamic characteristics of the respective channels of the control object, &, ... kg
— the transmission ratios for the respective channels of the control object, 7,...7, —
the value of the delay time through the appropriate channels of the control object,
K1, K2 —adjusting coefficients, + — analog time.

The existing management system, in the presence of external disturbances
(eg, changes in steam consumption by more than 15%) or parametric perturbations
in the control object (for example, changing the composition of the mixture at
10%) raw material loss is 86%. Simulation experiment showed that it reduces the
loss of raw materials is 10 times in this process intellectualisation protseea current
implementations deviation values do not exceed 2.5% of the specified value
(fig.3).

ST kzh

J.T_;-.L_ T B = T
10 0 20 40 RS

—— the loss of raw materizls without contrel
--- thsz loss of raw mat=arial in robust stabilization
-~ the loss of raw matarizls in the zdaptive control
Fig. 3. Charts raw material losses during the simulation process control

Create an information-analytical system of process monitoring and control
implemented in a software system used for automated monitoring of process
parameters ginneries. Due to the use of time to process the huge flow of
information and analysis of the data was reduced to 1.26 times, and it has been
applied to determine the optimal operating conditions of technological units of
electric power facilities, allowing to reduce specific fuel consumption by 1.15%.

CONCLUSION

On the basis of the survey on his doctoral dissertation on the theme "Design
of models and intellectualization of dynamic objects control processes algorithms
in conditions of uncertainty", presented the following conclusions.

1. Based on the systematization and analysis of methods and algorithms for
solving dynamic objects intelligent control problems developed the theoretical
basis for the creation of intelligent control systems of dynamic objects through
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a combination of methods of control theory and principles of inteiligent
technologies.

Propose a new approach to the creation of a system of intellectualization of
dynamic objects control processes that operate in conditions of uncertainty,
based on the integration of classical control theory and methods of intelligent
control.

The complex of intellectualized hybrid models of dynamic objects of control
systems having adaptive properties, and allows in contrast to the known types
of models to take into account the dynamic characteristics of controlled
processes.

On the basis of neural networks, fuzzy logic, genetic algorithms and techniques
of classical control theory developed a methodology for the construction of
hybrid models of technological processes, which is the mathematical basis of
intellectualization of dynamic abjects control processes, and allowing to form
complex patterns formalized control processes.

The developed algorithmic design principles modeling algorithms research of
dynamic objects, providing an effective solution to problems of selection of the
best systems functioning models computationally based on a combination of
the method of hierarchy analysis, evaluation procedures and methods fuzzy
logic.

Created intellectualized solver dynamic objects control problems, combining
traditional methods of automatic control theory and principles of intelligent
control in terms of structural, situational and parametric uncertainties. _
Algorithms of adaptive prediction, determination unmeasured coordinate
system and the correction of control parameters of the system, as well as the
synthesis of adaptive neuro-fuzzy combination of dynamic objects control
system based on an interactive method of adaptation, which is a combination of
identification algorithms and genetic algorithms.

The principle of hierarchical multilevel modeling and study of intelligent
control systems, based on a hierarchical description of the study of intelligent
control system.

Algorithms for synthesis adaptive neuro-fuzzy control system, including a
procedure for determining the architecture, structure and development model of
interaction of its elements, assessing the impact of neural network parameters
on the quality of performance of the system, allowing to increase the
effectiveness of control systems with incomplete a priori information regarding
the model of the control object and disturbance.

. A system of automated monitoring and control of technological parameters of

electric power facilities and petrochemical complexes, allowing to choose the
optimum modes of technological units, reduce energy costs and improve
productivity by reducing the specific consumption of energy used, and also to
prevent a variety of emergency situations.
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